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RECENT ADVANCES IN OUR KNOWLEDGE 
OF THE VITAMINS 


By Dr. C. A. ELVEHJEM 


PROFESSOR OF AGRICULTRAL CHEMISTRY, UNIVERSITY OF WISCONSIN 


Ir one examines a present-day chemi- 
cal catalogue the following compounds 
may be listed under the heading of vita- 
mins: vitamin A _ alcohol, carotene, 
vitamin D., vitamin Ds, a-tocopherol, 
2-methyl-l,4-naphthoquinone, — 1-ascorbic 
acid, thiamine hydrochloride, riboflavin, 
nicotinie acid, pyridoxine, calcium panto- 
thenate, choline chloride, crystalline 
biotin, p-aminobenzoie acid, inositol, 
ete. Those who have not followed closely 
the vitamin literature may be surprised 
at this array of compounds and wonder 
how they are related to practical nutri- 
tion. 

In the first place it is evident that 
tremendous advances have been made in 
our knowledge of the chemistry of the 
vitamins since it is not so long ago that 
a crystalline vitamin was a laboratory 
curiosity and an amount of a pure vita- 
min sufficient to feed a group of rats 
for several weeks cost hundreds of dol- 
lars. To-day we think nothing of pur- 
chasing many of the vitamins in good- 
sized bottles or even in kilogram lots. 

Vitamin A alcohol, carotene, vitamin 
D, and vitamin D, are the pure forms of 
the two oldest and best-known fat solu- 
ble vitamins. They are still made from 
natural products, since neither of these 
vitamins is being produced synthetically, 
although considerable progress has been 
made recently in developing methods for 


producing synthetic vitamin A. Much 
of the vitamin A in natural diets is sup- 
plied by milk and milk products and 
green vegetables and for many years 
any supplementary vitamin A was added 
as fish-liver oils. Highly active con- 
centrates of both vitamin A and carotene 
are now used for fortification of foods 
and in vitamin capsules. Vitamin D 
was similarly supplied by fish-liver oils 
but recently refined sterols are activated 
for the production of vitamin D concen- 
trates. The pure preparations are valu- 
able as standards for the determination 
of these vitamins in foods. For many 
years pure beta carotene has been used as 
the standard but it is also important to 
have pure vitamin A available since it is 
now rather definitely established that 
carotene is not assimilated as readily 
from the intestinal tract as the vitamin 
A alcohol. Vitamin D, is used as the 
standard for vitamin D although it is 
well known that in the chick vitamin D, 
is much more active than vitamin D.. In 
the human the difference in activity is 
negligible. This brief discussion of these 
two well-known vitamins brings out a 
fact which is true for most of the vita- 
mins, namely, that several related com- 
pounds may have similar biological ac- 
tion but the degree of their activity 
varies. In the case of vitamin D at least 
10 different compounds are known to 
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have antirachitic properties, but vitamins 
D, and D, are the most important ones. 
It is also interesting to compare the ac- 
tual weight of the compound needed to 
produce the desired effect in the case of 


different vitamins. The human require- 
ments for vitamins A and D are gen- 
erally expressed in International Units 
but on a weight basis 1.5 mg of vitamin 
A or 3 mg of carotene will meet the 
daily vitamin A requirement, while only 
.01 mg of vitamin D is an adequate daily 
intake of this vitamin. 

Alpha-tocopherol is a light yellow 
viscous oil and is now available in syn- 
thetic form as the most potent source of 
vitamin E. Again other tocopherols 
show vitamin E activity, but the alpha 
form is the most active. Although vita- 
min I was first recognized as a vitamin 
essential for normal reproduction in rats, 
it now has a much wider significance. 
As early as 1928 it was observed that 
suckling rats born of mothers which had 
received just enough vitamin E to per- 
mit gestation developed a 
characteristic paralysis. Muscle dys- 
trophy has been produced in many dif- 
ferent animals by depriving them of 
their vitamin E intake. The muscle 
dystrophy is accompanied by an in- 
creased excretion of creatine and an in- 
creased rate of oxygen uptake in the 
muscle tissue. The cure of nutritional 
muscular dystrophy in animals is abun- 
dantly proved, but vitamin E therapy 
in neuromuscular diseases in humans has 
not been too suecessful. The availability 
of alpha-tocopherol will allow more ex- 
tensive study of human eases. At pres- 
ent there is no indication that natural 
diets are low in vitamin E and there- 
fore it has no value in the fortification 
of foods. 

The compound 2-methyl-l,4-naphtho- 
quinone probably does not exist in nature 
as such, but still it shows greater vita- 
min K activity than any of the natural 
forms of this vitamin. The original work 


successful 
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on vitamin K was quite independant of 
any human disorder. In 1929 Dam 
observed that chicks raised on certain 
artificial diets became anemic, developed 
intramuscular hemorrhages and showed 
a marked increase in the clotting time of 
the blood. He concluded that the disease 
was due to a lack of hitherto unknown 
dietary factor and vitamin K was used 
to designate the factor. During the 
period 1935-1940 assay methods involy- 
ing the chick were developed and vitamin 
KX, and K. were isolated and their strue- 
tures established. Almquist first discoy- 
ered the vitamin K activity of the sim 
quinone 3-hydroxy-2-methyl-l,4-napht! 
quinone and later Ansbacher and Fern- 
holz showed 2-methy]-1,4-naphthoquinone 
to be 3 to 4 times as active in the chick 
assay as vitamin K,. Both K, and K, 
contain the naphthoquinone nucleus but 
a longer side chain makes them solubli 
in fat. The compound, 2-methy|-],4 
naphthoquinone, now called Mendione, 
is used as a standard in vitamin Kk 
and in clinical work. Certain 
derivatives of Mendione are now avail 
able which are more soluble in water 
than the original compound. It is very 
difficult to produce a vitamin K de 
ficiency in mammals or humans by 
dietary means but this vitamin is of 
distinct value in maintaining a normal 
prothrombin level in new born infants 
and in adults with decreased intestinal 
absorption such as obstructive jaundice. 
Under normal conditions there is con- 
siderable synthesis of vitamin K by the 
bacteria of the intestinal tract and there- 
fore the supply of this vitamin in the 
normal diet is not as important as in the 
ease of other vitamins. 

l-ascorbic acid or vitamin C has 
distinction of being the first vitamin t 
produced in synthetic form. The com- 
pound was actually isolated in 1927, 
but five vears passed before the biolog!- 
eal activity of the compound was recog: 
nized. In 1932 King and Waugh den- 
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onstrated the identity of vitamin C and 
hexuronic acid, now known as ascorbic 
acid. The importance of a specific con- 
feuration in a biologically active com- 
pound 1s clearly illustrated in the case 
of vitamin C, sinee l-ascorbie acid is 
highly active but d-ascorbie acid is com- 
pletely inactive. To-day ascorbie acid 
is so readily determined by chemical 
methods that it is difficult to realize that 
we used to have to rely upon the long and 
tedious guinea pig assay. This vitamin 
is widely used in clinical work but its 
use in fortification programs is rather 
limited, for several reasons. Vitamin C 
is easily and cheaply supplied by fruits 
and vegetables in the diet and it is easily 
destroyed when mixed with many natural 
The synthetic material has 
had an interesting application in farm 
practice during the past few years. Al- 
though cattle are able to synthesize suf- 
ficient vitamin C to meet their own re- 
quirements, the amount of synthesis is 
vreatly reduced in vitamin A deficiency. 
i such eases the injection of vitamin C 
had a very beneficial effect on the 
sterility which develops. 

Thiamine hydrochloride is a white 
crystalline substance readily soluble in 
water and possessing a yeast-like odor. 
Due to the well-known efforts of R. R. 
Williams and cooperating manufactur- 
ing chemists this important compound 
may now be purchased at a wholesale 
price of 40 cents per gram. The price is 
of even greater significance when we 
realize that one gram of thiamine is 
sufficient to supply the requirement of 
one adult for almost two years. We used 
to teach that the vitamin-carrying foods 
was the costly part of our diet, but this 
most encouraging experience indicates 
that the only limitation in making vita- 
mins readily available to large groups 
of the human population is the original 
identification and isolation of the vita- 


min 


products. 


‘ 


In foods and in animal tissues thiamine 


oeceurs both in the free form and as co- 
carboxylase. In this latter form it fune- 
tions in the living cell as a coenzyme in 
carbohydrate metabolism. Thiamine 
can be oxidized to thiochrome, which 
shows fluorescence and the degree of 
fluorescence produced may be used as a 
measure of the amount of thiamine in 
food. This simplified procedure has been 
of the greatest value in establishing the 
thiamine content of common foods. In 
fact, our knowledge of the distribution 
of thiamine in the wheat kernel was very 
limited until this improved method was 
made available. Since almost 90 per 
cent. of the original thiamine in a wheat 
kernel is lost during the milling of the 
patent flour, white flour and bread is now 
being enriched with thiamine to a level 
of 1.6 to 2.5 mg per pound of flour. In 
order to meet this demand and other 
requirements, tons of synthetic thiamine 
are now produced annually in the United 
States. 

It is most encouraging to find ribo- 
flavin listed with the other vitamins, 
since its structure is probably the most 
complex of the water soluble vitamins 
and it still can not be manufactured fast 
enough to meet the demand for it. Its 
addition to enriched flour has been post- 
Federal 
Security Agency because of an insuf- 
ficient supply. In spite of the difficulty 
in producing sufficient quantities the 


poned several times by the 


Riboflavin 
was first recognized as a component of 


price has steadily decreased. 


an important respiratory enzyme and 
has since been found to be related to 
several enzyme systems. Its importance 
in human nutrition was not recognized 
until 1938, but since that time signifi- 
cant advances have been made regarding 
the value of this vitamin in maintain- 
ing optimum health. This vitamin is 
rather widely distributed in foods, but 
the most reliable sources are milk, meat 
and vegetables. In certain areas of this 
country the consumption of these food 
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products is low enough to allow the de- 
velopment of a riboflavin deficiency. 
The use of pure riboflavin in these areas 
is therefore justified at least as an emer- 
gency measure. 

Nicotinic acid has been available as a 
chemical compound for over fifty years 
but its nutritional significance did not 
become evident until 1937. Nutritional 
workers experienced considerable dif- 
ficulty in studying the anti-pellagra 
factor because a syndrome similar to 
human pellagra could not be produced in 
any of the laboratory animals except the 
dog. In 1937 it was shown that nicotinic 
acid would cure black-tongue in dogs and 
very shortly thereafter the value of this 
compound in the treatment of human 
pellagra was definitely established. It is 
now possible to explain the earlier dif- 
ficulties because the rat does not need 
nicotinic acid preformed in its diet, 
while the dog and the human do require 
this factor. Nicotinic acid is a very 
simple compound and functions in the 


animal body as a constituent of certain 
At first it was necessary to 
depend upon assays with dogs for the 


coenzymes. 


determination of the nicotinic acid 
content of natural foods, but within the 
past year or two both microbiological 
and chemical methods have been de- 
veloped which are very reliable. Many 
of our natural foods are not rich sources 
of nicotinic acid and diets devoid of 
meat are likely to be deficient in this 
factor. Of the cereals, wheat is the best 
source but like thiamine, about 90 per 
cent. of the nicotinic acid in the original 
kernel is lost during the milling process. 
That is why nicotinie acid or niacin is 
included as one of the ingredients in 
enriched flour and bread. 

During the period 1938 to 1940 two 
additional compounds, namely, pyri- 
doxine and calcium pantothenate, were 
added to the group of B vitamins. The 
earlier work on pyridoxine depended 
upon its ability to prevent a dermatitis 
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in rats which was observed during at. 
tempts to produce pellagra in rats 
Pantothenic acid was recognized as an 
essential factor in the animal throug) 
work with the chick. To-day we know 
that both of these compounds play ay 
important role in the nutrition of q 
variety of animals. There is little doubt 
about the need for these factors in human 
nutrition although specific diseases have 
not been associated with their lack in 
the diet. The reason for this is un- 
doubtedly due to the fact that these two 
factors are widely distributed in natural 
foods and that processing of natural 
foods does not decrease the amount of 
pyridoxine and pantothenic acid to th 
same extent that thiamine and _ niacin 
are decreased. 

Choline is another compound that has 
been known by biochemists for many 
years as a constituent of lecithin. Its 
nutritional significance was not recog- 
nized for a long time, but we now know 
that choline is essential in the diet o7 the 
rat, dog and the chick. Clinical work 
on choline is very limited although re- 
cent studies indicate that it may have 
some value in treating liver cirrhosis 

If rats or dogs are placed on a purified 
diet consisting of sucrose, casein, a salt 
mixture and a small amount of fat, to- 
gether with the pure vitamins discussed 
thus far, the animals will grow fairly 
well and reproduce. These results have 
led some workers to feel that all the 
known vitamins have been identified. 
However, there are a number of indi- 
eations which suggest the existence of 
other factors. If a little liver or yeast is 
added to the above ration, an improved 
rate of growth is obtained. If a bacteri- 
ostic agent such as sulfaguanidine is 
added, the need for additional vitamins 
ean easily be recognized. However, thie 
best evidence comes from work with other 
animals. If chicks are fed the above 
ration plus a small amount of purified 
liver extract the animals develop typ! 
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cal dermatitis. This dermatitis can be 
d by the addition of biotin. 
‘tin was first isolated in 1936 and 
enized as a growth factor for micro- 
orvanisms. Later Gyorgy and du 
‘ioneaud suggested that biotin was 
identical with the factor which prevented 

o white injury in rats. We now know 
hat under normal conditions sufficient 
biotin is synthesized in the nutritional 
tract of rats to meet their requirement, 
but when raw egg white is added to the 
diet the assimilation of biotin is pre- 
vented. In the chick, however, the syn- 
thesis does not take place to any appreci- 
able extent and biotin must be supplied 
preformed in the diet. In order to pro- 
duce a biotin deficiency in the chick it 
is necessary to supply a small amount of 
liver extract in addition to the purified 
vitamins. If biotin is added to the puri- 
fied vitamins the factor or factors in the 
liver extract can be studied. At present 
these additional factors have not been iso- 
lated but one of the factors is undoubt- 
edly related to a factor named folie acid 
by R. J. Williams which is essential for 
the growth of lactie acid bacteria. When 
folie acid ean be supplied in pure form it 
will be possible to study the remaining 
factors in liver extract and yeast. Thus 
the chick has proven a very valuable 
laboratory animal in studies on the 
newer vitamins. 

Work with mice has demonstrated the 
importance of inositol for the normal de- 
velopment of this animal. Again ino- 
sitol has been known as a chemical com- 
pound for many years, but its specific 
importance in nutrition was only dem- 
onstrated through the use of the mouse. 
Woolley has shown that inositol may be 
synthesized in the intestinal tract of the 
mouse by certain types of bacteria. 
Thus the requirement of different species 
for inositol may depend upon the degree 
to which this synthesis may occur. 

Another factor which was first recog- 
nized through its effect on bacterial 
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growth and which now shows indication 
of a vitamin-like action in animals is 
the rather compound, para- 
aminobenzoie acid. It has been iso- 
lated from yeast and is rather widely 
distributed in natural foods. Ans- 


simple 


bacher has shown it to have a slight 
promotion of growth in chicks and anti- 


gray hair activity in rats. More recently 
reports have been made that it has a 
positive effect on the pigmentation of 
hair in man. Para-aminobenzoie acid 
has a specific counteracting effect on the 
bacteriostatic action of all the sulfa- 
drugs. 

The guinea pig still fails if fed a puri- 
fied diet containing all the above vita- 
mins. Several natural products must 
be included in the diet before normal 
crowth is obtained. There is, therefore, 
ample evidence that we need to continue 
our search for additional factors. 

From this brief summary of the known 
vitamins it is evident that at the present 
time the vitamin requirements of man 
can be expressed in chemical terms to a 
creater extent than ever before. This 
fact may lead some individuals to sit 
back with a sense of security and sug- 
gest that nutritional deficiency disease 
will no longer be a problem in this coun- 
try. This reaction is, of course, errone- 
ous since we have only made the first 
step in eliminating nutritional disorders. 
The synthetic vitamins are merely one 
set of tools for building a firm and last- 
ing foundation for adequate nutrition 
for all. 

To be sure the synthetic vitamins are 
of great value to the clinician who must 
treat extreme cases of vitamin deficiency. 
It is no wonder that medical workers and 
the public in general are enthusiastic 
about the dramatic effects of nicotinic 
acid in pellagra, thiamine in polyneu- 
ritis and related disorders, riboflavin in 
cheilosis, vitamin K in hemorrhagic con- 
ditions, ete. However, the big problem 
for the medical worker is to learn how 
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to diagnose deficiencies especially in their and niacin. It is futile to compare th; 
early stages when therapy is most valu- cost of one vitamin when supplied in the 
able. In the last number of ‘‘The Mil- form of a natural food and when gup. 
bank Memorial Fund Quarterly’? H. D. plied in synthetic form because the naty. 
Kruse summarizes the various manifes- ral food usually carries an appreciable 
tations of nicotinie acid and vitamin C amount of all the nutrients, not only 
deficiencies. More summaries of this most of the vitamins, but such compari. 
kind are needed. sons do indicate why it is possible t 
It is the goal of nutrition workers to fortify foods under emergency condi. 
prevent the development of nutritional tions. For example, 10 mg of nicotin; 
disorders. This can only be accom- acid may cost 700 times as much when 
plished by a thorough knowledge of the purchased in the form of high-pric 
distribution of the known vitamins in foods as it does when purchased as t] 
natural foods. The availability of the pure chemical. In spite of these 
pure vitamins as standards has given natural foods have been and will con 
great impetus to extended assays. Work tinue to be the main source of the vita. 
of this kind is slow and tedious, but it min in our diet, but enrichment pro- 
is gratifying to find that the industries grams will play their role in buffering 
supplying meat, cereals, milk, fruits and sudden changes in the availability 
vegetables are giving considerable sup- natural foods. 
port to these projects. When historians look back on the di 
Lastly the synthetic vitamins may be ade 1930-1940 it will be considered a 
used for the fortification of certain period when greatest progress was made 
foods in order to relieve the wide-spread on the chemistry of vitamins. — Let 
incidence of a specific vitamin deficiency hope that the decade 1940-1950 will be 
in restricted areas of this country. This considered the period when the most 
is now possible because of the low cost of sensible application of the availabl 
some of the vitamins such as thiamine’ knowledge is made. 


A TRUE HUMANIST 


WE pro*oundly hope and earnestly strive for cupation with ‘‘life and time and eternity’’ 
a future in which a balanced education may be need not exclude consideration of the p 
again possible. What all must see is that such needs of the hour with their high content of | 
a balance will not be determined by us alone. practical, the scientific and the political. Es 
Our neighbors everywhere on the planet force in our so-called material civilization science and 
us to take them into account. Their traditions, humanism need never be in conflict among 
their ideas, their possession and probable use of tivated men. I have no fear whatever that 
power are among the permanently inescapable ‘‘culture’’ will be destroyed by a scientifi 
forces of life. We ean neither wrap ourselves implemented war, however prolonged, if w 
up in the past, and disclaim responsibility for the victors. My only fear is that the lessons 
conveying useful truth about the outside world this war will be lost in the fatigues of a 
to the coming generation nor neglect the past war world in which men may again try to ! 
in our hurry to find solutions for political and security in provincial simplicities, assumpt 
social problems too complex to be resolved by and slogans, educational and otherwise. 
simple schemes devised by the philosophers. cation must be as intense, imaginative and ex 

From the temple itself comes the assertion perimental as the problems of the futur 
that the true humanist is one who is a servant complex and difficult—Isaiah Bowman i 
of his times, using his knowledge as ‘‘a weapon Report of the President, 1941-1942, of the Johns 
and an arm not merely a liberal art.’’ Preoe- Hopkins University. 
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STRUCTURE, FUNCTION AND PATTERN IN 
BIOLOGY AND ANTHROPOLOGY 


By Dr. A. L. KROEBER 


PROFESSOR OF ANTHROPOLOGY, 


Tue concepts of the aspects of struec- 

tyre and funetion are familiar in biol- 

It is proposed to examine here how 

far the two concepts can and cannot be 
applied properly in anthropology. 


‘he terms structure and function are 
considerably used in anthropology, but 

h variable meaning. Function espe- 

y has been employed in so many 
and ambiguous senses that some cultural 

hropologists, such as Milke, advocate 
its discontinuanee. On the contrary, 
Linton has attempted to distinguish the 
form, meaning, use and function of eul- 
Structure sometimes 


| 
i 


tural phenomena. 
has its common-sense meaning, as when 
we speak of the strueture of a canoe. 
Sometimes it emphasizes form; some- 
times organization; as in the term ‘‘so- 
cial structure’? which is tending to re- 
place ‘‘social organization,’’ without ap- 
pearing to add either content or empha- 
sis of meaning. 

At bottom, it would,seem in biology, 
when the struetures of organisms have 
been sufficiently analyzed, they fall into 
certain patterns. These patterns group 
or classify the organisms; and _ those 
showing the same pattern are considered 
not only similar, but related; that is, 
connected in descent. In short, one sig- 
nificance of strueture is that it yields 
classification by pattern, which in turn 
has genetie or ‘‘evolutionary”’ signifi- 
cance: in other words, historical signifi- 
cance. This is of course not the only 
significance with which biology is con- 
cerned : physiological biology is occupied 
primarily with the direct interrelation 
of specific structures with specific funec- 
tions as they exist, without other than 
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incidental attention to how they came 
to be. However, in historical biology 
—comparative morphology, systematics, 
paleontology, partly in genetics—opera- 
tions are explicitly or implicitly in terms 
of basie patterns that have historical 
depth. 

Thus the mammalian pattern of denti- 
tion is 44 teeth: 3 incisors, 1 canine, 4 
premolars, 3 molars on each side of each 
jaw; and this pattern—though it may 
be reduced and greatly modified by spe- 
cialization of shape—is not violated ex- 
cept in the case of ancient lines of or- 
ganisms, like the whales, whose total 
structure, as well as total functioning, 
is highly modified. The vertebrate pat- 
tern, at any rate above the fishes, pro- 
vides for a pair of limbs at each end of 
the trunk. When an altered function is 
achieved, like flying, it is by conversion 
of a pair of legs into wings. In the 
bats and certain ancient reptiles, the 
flying surface of the wing is supported 
by a specialization of digital structure. 
In the birds and certain other extinet 
Reptilia, the wing is supported on the 
proximal heavy bones of the limb, with 
loss of its digital portions. But in no 
vase has a vertebrate achieved flight 
except by functional—and structural— 
conversion of one of the pairs of limbs 
generally and presumably originally 
serving terrestrial or water locomotion. 
This is in contrast to the insects, whose 
basic pattern includes three thoracic 
segments, each provided with a pair of 
jointed legs and two of them with wings 
also. An insect accordingly flies with- 
out giving up any of its legs by con- 


version. Deep-seated as this insect pat- 


105 





106 


tern is—and it has geological antiquity 
—it is not absolutely basic. The other 
arthropods are wingless but possess more 
than six legs in their patterns: spiders 
eight, crabs ten, other crustaceans, scor- 
pions and centipedes more yet; but al- 
ways with one pair only per segment. 
The insect pattern, therefore, represents 
an important modification of a still more 
ancestral pattern. 

The idea of basie pattern has not been 
wanting in anthropology. Sapir articu- 
lated it most clearly. Language is the 
part of culture which particularly lends 
itself to pattern recognition, because its 
precision of form facilitates analysis. 
However, as a concept or tool, basic pat- 
tern has been used much less, and has 
been formulated less clearly, in anthro- 
pology than in biology. One reason is 
that in culture the tremendously con- 
servative force of organic heredity is not 
operative; at any rate, is obviously not 
the direct or immediately operative fac- 
tor. Cultural patterns therefore tend to 
be short-lived: we may trace them for a 
few thousand years, but not for many 
Moreover, widely divergent 
organ- 


millions. 
cultures can and do hybridize; 
isms, only within very narrow limits of 
relationship and descent. There is noth- 
ing in the biologie realm comparable to 
the fusion of Helleno-Roman and Asiatie 
civilizations to produce Christian eivili- 
zations; or of Sino-Japanese and Occi- 
dental culture in Japan since 1868. The 
tree of life is eternally branching, and 
never doing anything fundamental but 
branching, except for the dying away of 
branches. The tree of human history, 
on the contrary, is constantly branching 
and at the same time having its branches 
grow together again. Its plan is there- 
fore much more complex and difficult to 
trace. Even its basic patterns can in 
some degree blend; which is contrary to 
all experience in the merely organic 
realm, where patterns are irreversible in 
proportion as they are fundamental. 
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However, granted the relative muta. 
bility, plasticity and ultimate fusib 
of all patterns in human history, ther: 
remains no doubt that there are cultura! 
patterns which are more basie¢ or primar 
and on the whole older, and others wl 
are superficial, 
transitory. Obviously, if we wish 
trace the history of human civilization— 
especially in its preliterate and therefore 
prehistoric phases—it is of the utmo 
importance to recognize the basic pat. 
terns and distinguish them from their 
secondary modifications. The older an. 
thropology, it seems to me—Tylor 
instance—made a deliberate attempt 
do this. It failed, to a large extent at 
least, because of several related deficien- 
cies. It tended to substitute common 
denominator for true pattern. It syn 
thesized prematurely into formulations 
like animism and magie and totem, which 
are part pattern indeed, but 
part only denominator. And, finally, it 
forgot that all recorded history being a 
series of objectively unique events whos 
major significance lies in their organiza- 
tion into distinctive patterns and not in 
ill-defined formulas or generalized de- 
nominations—it forgot that very prob- 
ably the same held of the prehistoric and 
primitive part of the human 
True, we also use the word ‘‘formula’”’ 
for mammalian dentition. But the mam- 
malian dentition formula is quantitative; 
it is entirely precise; it is highly distine 
tive, in fact unique; and it has, so far as 
the totality of our knowledge allows us 
to judge, authentic historical depth and 
significance. In contrast, a formulation 
like animism or totem has none of these 
qualities, except historical depth, ar 


more secondary 


basie 


story 


this may prove to be an accidental de- 
nominator; even the historical signifi- 


cance is none too sure, especially for the 


totem. Whereas the relatively mutable 
patterns of culture are more difficult to 
extricate than the relatively stable ones 
of life, the earlier anthropology, even 
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ough headed in a sound direction, 
nade a premature, superficial synthesis 

rhaps precisely because of its im- 
urity as a branch of study. 

[he need of more exact and deeper 

lysis was recognized in the next stage 
our science; but with it, the synthetic 
ulses faded. A healthy distrust grew 
for the hazy formulations of the 
earlier generation. If we now used them, 
it was of necessity; they were crutches, 
no longer goals. We reveled in discov- 
ering the rich diversity of forms which 
culture assumed. We analyzed as eare- 
fully as any historian; but we refrained, 
>a time, from doing any history, from 
bing for time depth and relative 
sequences. We had become shy of the 
sort of findings which our predecessors 
considered historical, or an equivalent 
of historical findings; but we had not 
yet attained to the concept of the basic 
pattern as a tool which inevitably carries 
at least historical implication, if not out- 
right significance. 

In the present stage of anthropology, 
two currents are flowing in opposite 
directions. First, there is a resumption 
of historic interest: analysis is continued 
from the preceding stage, but it is more 
courageously being used for constructive 
historical objectives, with increasing 
recognition of the value of the basie pat- 
tern method. It is important to remem- 
ber that this approach is not wholly phe- 
nomenological and undynamie. After 
all, as a pattern is basic, it is determina- 
tive of its modifications ;: it sets the frame 
within which change ean take place; it 
is one of the factors which jointly pro- 
duce what happens. The charge some- 
times leveled that history is only a series 
of faets, unorganized but for their time 
order and meaningless except in them- 
selves, proves only one thing: that those 
who so hold have, through over-pre- 
occupation with other interests, a blind 
spot for the historie approach, whether 
in biology or in human affairs, and fail 


to recognize the significances which in- 
evitably attach to pattern organizations. 

The other current in contemporary 
anthropology aims at a sort of physiol- 
ogy of culture and society. It is con- 
cerned with extricating process, with 
uncovering dynamies. It 
those who accept the name of functional- 
ist, and the like-minded who insist on 
working with present-day phenomena 
and have little concern with the past. 
They hope to move from the contem- 
porary directly into generalization, per- 
haps into universals. It is true that 
knowledge of living phenomena is in- 
evitably capable of being fuller than 
knowledge of former ones. A physiology 
of cultural and social phenomena is pre- 
sumably possible and would certainly be 
extremely important. The danger is in 
eonfusing a goal with an attainment. 
And to be ambiguous on this distinction 
is specially tempting to those unduly in- 
terested, for scientists, in personal suc- 
eess. The public at large is unaware of 
the fact that in physiology 
selective experiment with control is the 
essence of method, but that in social 
physiology it is selection alone that is 
chiefly possible, both experiment and 
eontrol being as yet scarcely devised, if 
devisable at all. Also, with the focussing 
on the living, time perspective goes out; 
and, with this, the best opportunity of 
recognizing the fundamental patterns 
involved. In fact, it would appear that 
the area of which there is immediate con- 


comprises 


biologie 


sciousness in cultural and social change 
is the special modifications which are 
taking place at the moment, while con- 
sciousness of the more enduring and 
basie structural features tends to be lost 
sight of—both by those desiring to bring 
about change and those interested in 
studying it. It is accordingly no acci- 
dent that Malinowski avowed an anti- 
historieal bias; that Radclif e-Brown 
admits the historical approach but con- 
fines it to documented data and cites as 
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his exemplars of historical anthropology 
chiefly the precursors of Tylor; and that 
Warner avoids a quarrel but actually 
considers only recent antecedents, and 
those mainly in order to heighten back- 
rround contrast. 

All the funetionalists put unusual em- 
phasis on integration. Either this 
amounts to making explicit what has 
always been taken for granted, or, when 
rabid, it comes to elevating inte- 
gration into a final principle which 
explains everything and thereby chokes 
off farther inquiry. It is very much as 
if physiologists were to proclaim as their 
how the human 

See how har- 


most 


finding: see 
together! 


ultimate 
body hangs 
moniously it works! 

There is of course no valid quarrel 
with a primary interest in function in 
the socio-cultural field, provided such in- 
terest is not stretched into a superiority 
dogma or panacea. It is as one-sided, 
and ultimately sterile, to be exclusively 
preoccupied with structure as with fune- 
tion. This has been long since learned 
in biology, and will have to be learned 
in anthropology. 

One concept shared by biology and 
that of 
Kor instance, the pseudo-vertebrate eye, 
and mollusean 
Trees, and again vines, have over 


anthropology is convergence. 


beak, backbone of the 
squid. 
and over originated independently in 
separate families of plants; so has the 
habit of male female 
being borne separately—alternatively— 
by different plant individuals. Snakes 
move like worms, and whales swim like 
Flight has been attained sepa- 


and sex-organs 


fishes. 
rately by insects, reptiles, birds and the 
mammalian bats, not to mention man, if 
we transeend the organie level. Almost 
exactly parallel socialization has been 
attained by the termites, who are de- 
scended from the roach stem, and by the 
There are 
thousands of them 
highly special, like the horny forehead 


ants who are Hymenoptera. 


instanees, some of 


THE SCIENTIFIC MONTHLY 


shields with which access to the burroy 
is blocked both by some toads and }y 
some termite warrior castes. | 

Now what is characteristic of all or. 
ganic true convergences is that they are 
analogues, not homologues. There is 
similarity of function, but a dissimilar. 


a 


ity of structure. The dissimilarity js 
usual even in the converged organ or 
organs, invariably present in the total 
structure of the organisms. 
is because the basic patterns differ that 
the similarity is convergent. The his. 
tories are unlike, the secondary results 


In short, It 


are like; especially as regards function 
use, and behavior; though the like results 
need not be superficial or trivial—in fact 
may be accompanied by pervasive modi 
fications of the organism 

While we have long recognized ¢o1 
vergence in anthropology, we hay 
tended to deal chiefly with limited, spe 
cific cases in which reasonable proof was 
not too difficult to bring. Probably \ 
have been too unsure of fundamenta 
pattern structure in the protean field 
human history to venture to class larger 
phenomena, corresponding to arboreal 
habitus, flying, crawling, socialization, 
either as convergences or as historic pat- 


tern persistences. This is certain|) 


matter in which anthropology is _back- 
ward. But it is clear that progress cal 
ensue only in the degree that we learn t 
dissociate patterns into basie and deriva- 
tive or modificatory ones. This is ob- 
viously going to be harder in the field ot 


haae4 


culture than it has been in biology; } 
precedent should at least encourage t 
attempt. 


One fact may help. Organie conver- 


gences not only always involve function 


strongly, but their similarities are eas 
recognized; lay observation, common- 
observation suffice to recogniz 
trees, flight, socialization, and the Ii! 


This suggests that lone recognized, fre- 


sense 


quently reeurring phenomena of culture 


p 


are likely to be the ones among which ou! 
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broad convergences are to be found. As 
examples might be mentioned the clan, 
1, cross-cousin marriage, the mother- 
law taboo, potlatch, feudalism. As 
recards several of these, multiple causa- 
ms and origins have for some time 
heen advocated on specific associational 
erounds. Other possible examples are 
boo, sacrifice, kingship, urbanization, 
iting, navigation, secret societies. 
As a boy I got hold of a popular 
natural history, probably reprinted from 
original venerations§ old, 
classified animals into Schal- 
hiere, such as clams, lobsters, turtles, 
and armadillos; Kriech-thiere which in- 
cluded worms and snakes; and so on. 
The wonder is that such a work was still 
in circulation to come into the home and 
hands of anyone born in the last quarter 
of the nineteenth century. The classifi- 
cation is logical, naive, and essentially 
functional. Shells, it is true, are nomi- 
nally structural, but their real likeness 
is confined to their protective and defen- 
» function. Funetion, apparently, is 
hat the pre-scientifie mind first takes 
hold of. Analysis into structure comes 
later, because its implications, its resul- 


several 


tant significanees, are not readily visible : 
it tends to pass as aimless antiquarian 
dine. 

Now we have done enough analysis in 
anthropology to have good reason to be- 
lieve that the recurrent phenomena 
which we loosely eall feudalism, clans, 
cross-cousin marriage, ete., have poly- 
genetic origins; and therewith the infer- 
ence is near that they are merely deriva- 
tive and not basie patterns. It seems 
that we might do well to avow this infer- 

‘e more explicitly; and at the same 


time search more rigorously for patterns 


that are basie. 
in biology, where we can at least begin 


This is not as easy as 


by laying a specimen on the table and 
cutting into it with a knife, and then 
bringing up the microscope and reagents 


‘n needed. If our search were as 
simple as that, anthropologists would 


have got farther than they have. But, 
granted the difficulties, have we never- 
theless tried as wholeheartedly as we 
might ? 

Two endeavors are indispensable in 
such search for basic patterns: analysis 
and comparison. Analyses we do suffi 
ciently well. For some forty or fifty 
years there has been produced an increas- 
ing number of monographiec, analytic 
studies of tribal cultures, sufficiently de- 
tailed in many cases, not always inspira 
tional, but mostly competent and useful. 
It is in comparison that we hang back; 
perhaps in undue fear that all broadly 
comparative work will suffer the stigma 
of the old comparisons which were de- 


When 


modern anthropologists make compara- 


signed to discover universals. 


tive studies over a wide range, these tend 
to be limited to items, such as the spear- 
thrower or oil lamps, rather than to 
In all this, 
there is manifest a lack of courage about 


whole cultures or systems. 


attacking problems that could be labelled 
constructively historical. But are we 
voing to be deterred forever because 
there have been simplistic speculators 
who constructed pseudo-histories ? 

With a valid 


basie pattern, its various manifestations 


One criterion will help. 


show a point-for-point correspondence. 
Not that every mammal must have 44 
teeth of four shapes; but such teeth as 
it has must correspond to particular 
ones of the 44: 
creater their modification from the gen- 


and once they do, the 


] 


eral or original shape—like the ele- 


phant’s incisor tusks and suecessive 
molars—the more interesting are their 
fit, adaptation, and history. In com- 
parative linguistics, indeed, which is 
historical linguisties, such as Indo-Euro- 
pean, Semitic, Bantu, this insistence on 
point-for-point correspondence has sue- 
cessfully become a cardinal principle of 
method. Culture 


more difficult; but there is every reason 


istory is no doubt 


to believe that the principle applies. 
Perhaps it is time that I cite some 
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examples of basic patterns in culture. 
They are of course surest where cultures 
have been documented for a considerable 
period. Hebrew-Christian-Mohammedan 
monotheism seems a good illustration; 
and a rich one, if we remember all its 
diversifications into religions, churches 
and sects. We know that the three ‘‘re- 
ligions’’ are historically connected: they 
are outgrowths of one another. We can 
also define the pattern: a single deity of 
illimitable power, excluding all others 
except avowed derivatives, and _ pro- 
claimed by a particular human vessel 
inspired by the deity. If we contrast 
with this the supreme deities of other 
religions, philosophical and primitive, we 
find them invariably lacking one or more 
of the characterizing features—usually 
all three. These other supreme deities, 
accordingly, are analogous convergences 


9 


only. 

Another example is the alphabet, as 
set off from other methods of writing. 
All alphabetie writing—that is, graphic 
symbols denoting the smallest acoustic 
elements of speech, but no symbols of 
other kind—has spread from a single 
Western Asia about three 
thousand years ago. And there is point- 
for-point correspondence in all the mani- 
fold varieties of alphabets. Aleph, beth, 
gimel, daleth, correspond to alpha, beta, 
gamma, delta, and to A, B, C, D. Where 
there are changes of shape of letter, or 
of its sound value, or its position, these 
ean be accounted for, at least in the over- 
whelming majority of cases, and lead us 
back to the original pattern. For in- 
stanee, we know why, how, and when C 
came to replace G as the third letter in 
our own form of alphabet, and W was 
added. 

Such a pattern, or our monotheistic 
one, is really a system which extends 
across cultures, and not a culture itself. 
It is possible that the same will hold true 
generally for all associations or com- 
plexes of cultural phenomena which fall 


origin in 
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into basic patterns. They 


pure inventions, or a series of inventions 


represey + 


corresponding more or less to mutations 
or series of mutations in organic nature 
The word mutation is here used not 
any specific sense which it may have jy 
genetics with reference to a particular 
mechanism but as a generic label to jp. 
dicate any radica 

change in hereditary type. 

By contrast, systems of writing lik 
the Egyptian, Cuneiform, Chinese do not 
share any point-for-point correspondence 
either with the alphabet or with one 
another: neither in the shape, value, nor 
order of their characters. So far as they 
are similar—in being pictographie and 
ideographie and syllabic—they are alike 
only in general function, not in specific 
structure; and they represent analogicai 
convergences. What they have in com- 
mon, such as the tendency to represent 
the sounds of speech by a sort of pun- 
ning—the rebus method—and the ten- 
deney to deal with syllables rather than 
elemental sounds, is due presumably t 


psychological factors of the human in- 
herited constitution, and therefore really 


outside the level of culture as such. Just 
so, certain generic features common 
organisms which share say an arboreal 
habitus, or a swimming or flying one, 
are conditioned by mechanical factors to 
which the organisms adapt themselves. 
When it comes to the material or tech- 
culture, physico- 
chemical factors similarly impinge on 
eulture. That bronze is composed 0! 
copper and tin, and that it is harder and 
casts better than either metal alone, ar 
physico-chemical facts. Consequently, 


nological aspects of 


China, and Peru made bronze is of no 
relevance to the problem of whether 
their bronze arts belong to the same or 
different patterns; that is, whether they 
are genetically connected or separated 
That must be determined from specific 
eultural features, such as non-compul- 
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techniques in the metallurgical 
cess, the forms east, and the like. 
) these features considered, it be- 
es highly probable that Mesopo- 
ian bronze and Chinese bronze are 
slightly variant manifestations of one 
pattern, but ancient Peruvian bronze 
represents a separate pattern and origin. 
For instance, Mesopotamia and China 
ised bronze for swords and for ritual 
vases or other vessels; Peru did not. 

Plow agriculture constitutes another 
example of a basic pattern. This pattern 
comprises at least three essential fea- 
tures: the plow itself; animals to draw 
it, which of course must be domesti- 
cated; and food plants of such a nature, 
like barley, wheat, millet, that they can 
be profitably grown only by broadcast 
sowing, Which in turn involves fields of 
at least fair size, as compared with gar- 
dens. Still other features have become 
associated, such as the use of the dung 
of the animals as fertilizer. The plow 
is generally considered to have been an 
unrepeated invention, whose precise 
time, place, and cireumstances we do not 
know, though it took place in the last 
Stone Age and probably in or near south- 
western Asia, and spread along with 
cattle, with barley and associated plants, 
and usually with manuring, to all those 
parts of Europe, Asia, and Africa in 
which it was used in 1500. Native 
America also evolved a highly developed 
system of agriculture on which we of 
to-day have drawn for important loans. 
But native American agriculture be- 
longed to a radically different pattern. 
It did not know the plow. It did not 
use draft animals, though it had domes- 
ticated ones like the llama. It did not 
sow broadeast but planted by hand and 
cultivated in hilloecks. It totally lacked 
wheat, barley and their associates, sub- 
tituting for them a series of others of 
Which maize was the most wide-spread 
and principal. And it either did not 
fertilize at all or it used fish. It has 


S 


therefore long been the conclusion of 
conservative, students 
that New World agriculture had an 
origin and a history entirely separate at 
least from Old World plow agriculture. 
In short, we have two patterns and two 
histories. 

Agriculture as such I would not call 
a pattern, but rather a common denomi- 
nator. Numerous primitive peoples in 
Africa, Asia and Oceania farmed, plant- 
ing with hoes or digging-sticks, without 
raising 


non-speculative 


using associated animals, and 
root-crops, fruits, and even some cereals 
like rice or sorghum. We are not able 
to affirm whether all this farming or gar- 
dening had a single origin or several. It 
is probable that plow agriculture repre- 
sents an ‘‘invention-mutation’’ added to 
some phase or other of this more primi- 
tive gardening. 
present to which phase, any more than 


3ut we cannot say at 


we know whether the phases were his- 
torically connected or independent devel- 
opments. In brief, plow agriculture is a 
specific phenomenon, or set of associated 
phenomena, like mammalian dentition; 
whereas agriculture is rather a generali- 
zation, or concept, logically definable 
indeed, but rather too vague, variable or 
amorphous to serve as a solid foundation 
for a scientific structure; just as con- 
cepts like shellfish or arboreal habitus or 
aereal locomotion have proved unservice- 
able for primary scientific classification. 

A given trait may form a critical part 
of a pattern in one situation, but have 
low pattern value in others. Teeth, for 
instance, have less diagnostic and classi- 
ficatory significance in the lower verte- 
brates and invertebrates than in the 
mammals. The same holds in the field of 
culture: for instance as regards ‘‘ dichot- 
omized’’ social structure or moiety or- 
vanization. In native Australia moieties 
are almost universal, and in New Guinea 
and Melanesia they are frequent. They 
basically determine marriage and de- 
scent; whom one may not marry, whom 
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one must marry. In Australia there is 
redichotomization into four sections, and 
even re-redichotomization into eight sub- 
sections. Related to this plan is the fact 
that all human beings with whom one 
has dealings are considered kin—are 
made into kin, if necessary—and put 
into one or the other moiety. This whole 
organization, often very elaborate, is 
superimposed on one of another type; 
the small local horde, autonomous and 
owning a territory, all its members in- 
terrelated through male descent, and 
therefore unable to marry horde mem- 
bers. The two plans of organization do 
not conflict but supplement each other. 
The moiety is international, as the native 
sees it, and therefore makes for success- 
ful amities and bonds outside, while not 
interfering with the subsistential and 
familial solidarity of the horde. This 
Australian scheme is very distinetive— 
infinitely varied in minor detail, but 
remarkably constant in underlying pat- 
tern. 

Now moieties occur also in all other 
continents, but sporadically, by contrast. 


They occur often among peoples who are 
not living in hordes, and who do not 


insist on classifying everyone as a kins- 
man. Sometimes they are exogamous, 
occasionally endogamous, sometimes not 
connected with marriage or descent at 
all, but with ritual or games or govern- 
ment. All these other social dichotomi- 
zations in Asia, Africa and the Americas 
do not reduce to a consistent pattern; 
and their geographical distribution is 
tantalizingly spotty, instead of continu- 
Ous. They are therefore justly regarded 
as having had a number of origins, sepa- 
rate in circumstances as well as in time 
and place, and with separate and differ- 
ent growths. Such similarities as they 
present, to one another and to Austra- 
lian moieties, are therefore superficial 
and of the order of econvergences. 

There may well be in the nature of the 
human mind a deeply implanted ten- 


dency to construe and organize its world 
in terms of duality, bipolarity, and di. 
chotomization, and this inclination may 
lie at the root of all moieties, in Australia 


and elsewhere. But even if there exists 


such a tendency, it is a psychologica 
fact. It is only a condition of ecultur 
not a phenomenon of it. On the cultura 
level, there remains the difference that 

the Australian area the psychologica 
trend toward dichotomization has bee; 


channeled into consistent, wide-spread, 


influential and probably ancient expres 
sion in a pattern of social structure, | 
elsewhere the same trend has enter 


only into loeal, intermittent, and secon- 


dary patterns. 
These examples from the religious, in 


tellectual, technological, economic and 


4 


social fields may suffice to illustrate what 


is meant by fundamental patterns 


culture. It is clear that they are some- 


‘tp 


thine different from Benedict’s at: 


terns of Culture.’’ These latter ar 
psychological orientations of societi 


comparable to personality orientatio1 


or attitudes, such as paranoid, megalo- 


S 


S 


manic, Apollonian, ete. When strongls 


developed, they are also influential, | 
selectively, and on the slant of a give! 
culture, whereas the basie patterns he 
discussed operate constructively 
often cross-culturally. In the Bene 
approach, a pattern is a psyehie const 
lation molding the typical personality ¢ 
a society by imparting a certain war} 


that society’s culture. The basic pat- 


terns referred to in the present essa\ 
are the more pervasive and permanent 


forms assumed by cultural content, a1 
tend to spread from one society 

culture to others. In snort, basic pat 
terns are nexuses of culture traits whi 


have assumed a definite and coherent 


structure, which function successful 


and which acquire major historic weight 


and persistence. 
Returning to the biological analog) 
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we must distinguish where the pattern 
parallel holds and where it does not hold. 
A particular culture is not comparable 
to a species, even though the members 
‘any one society are given, by their 
eommon culture, a certain likeness of be- 
havior somewhat comparable outwardly 
to the likeness of the members of one 
species. (The mechanisms which pro- 
duce the likeness are of course quite dif- 
ferent.) A culture is always, so far as 
we can judge, highly composite in the 
origin of its constituent materials. As 
I have said before, the branches of the 
tree of human culture are always grow- 
ing together again. It is a commonplace 
that in our American civilization we 
speak a Germanic language shaped in 
England with the absorption of a larger 
Latin content, have a Palestinian re- 
livion, eat bread and meat of plants and 
animals probably first domesticated in 
or near Western Asia with additions 
from tropical America, drink coffee from 
Abyssinia and tea from China, write and 
read these words with letters originating 
in Phoenicia, added to in Greece, given 
their present shape in Rome, and first 
printed in Germany; and soon. There 
is no reason to believe that any living 
culture is less intricately hybrid. There- 
with the analogy between cultures and 
species breaks down. Rather, it is eco- 
logical aggregates to which cultures can 


be compared: local associations of spe- 
cies of diverse origin. Certainly the 
larger faunal and floral regions, like the 
Palaearctic, Neotropical, Indo-Oriental, 
Ethiopian, Australo-Papuan, correspond 
strikingly, even in part to geographic 
coincidence, with the generally accepted 
major cultural regions; and there are 
parallels in retardation, specialization, 
and expansive productivity of new 
forms. 

All this suggests that the nearest coun- 
terpart of the organic species in the field 
of culture is the culture trait and not the 
culture entity or culture. It is the spe- 
cies that is repetitive in its individuals; 
the trait that is repetitive in its exem- 
plars—in the thousands of automobiles 
or stone axes manufactured according to 
one model or form, in the word or gram- 
matical construction that is uttered over 
and over again. It is related species or 
genera or families or orders, that have 
persistent structural patterns in com- 
mon; and it is among the traits that 
belong to one field of eculture—such as 
writing, belief in deities, agriculture— 
that the persistent fundamental patterns 
of culture grow up. It would be easy to 
stretch the analogy too far; but within 
due limits it would seem to have utility 
in stimulating reflective inquiry, espe- 


cially as regards the historical aspects of 


organie and super-organic phenomena. 
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By CLAYTON HOAGLAND 


EDITORIAL DEPARTMENT, The Sun, NEW YORK CITY 


THERE lived in Philadelphia just a 
century ago a small boy whose interest 
in nature and science developed when 
he was very young. It was expressed 
in notes and drawings in his journal, 
and in little sketches he made to illus- 
trate his letters with pictures of birds 
and reptiles. One day in 1846, when 
this boy was not yet seven, he was 
brought to a natural history museum 
that had been founded by Charles Will- 
son Peale, soldier in the Revolutionary 
War and portrait painter. There the 
boy saw the mounted skeleton of an 
Eocene sea monster, the Zeuglodon. It 
is easy to imagine his awe as he beheld 
this exhibit, for it consisted of the bones 
of several skeletons strung together to 
the grotesque length of 114 feet! 

Years later, when Edward Drinker 
Cope had become one of the foremost 
American paleontologists, the memory of 
this skeleton may well have amused him. 
As he had a lively imagination to the 
end of his days, the boyhood fancies 
aroused by sight of the monster he saw 
in the museum must have been wonder- 
ful indeed. Now, Cope’s imagination 
was of the greatest value to paleontology. 
By using it he blew more than a breath 
of life into restorations of dinosaurs and 
other ancient creatures that were first 
arousing a great deal of public interest 
half a century ago. Before Cope died in 
1897 he told a journalist friend, William 
H. Ballou, and the animal artist, Charles 
R. Knight, his conclusions as to the 
movements and habits of various Meso- 
zoie animals over whose fossil remains 
he had spent years of exacting study. 

We shall return to what Cope did for 
vertebrate paleontology, but it is well to 
recall here that his life spanned a period 


114 


which began in the childhood of Amey 
ean fossil collecting, and which reached 
its peak in the early years of the twen. 
tieth century. By then a vast amount 
of knowledge had been organized, 
number of amazing fossil skeletons had 
been found. It was by then possible for 
artists to model and to picture numerous 
extinct creatures realistically. By means 
of well-designed museum exhibits, and 
through books illustrated by Charles 
Knight, R. Bruce Horsfall, Erwin § 
Christman and a few others, the public 
has learned to think of the great saurians, 
and other ancient reptiles and mammals 
as living creatures, rather than as so 
many bones wired together and mounted 
on platforms, or in glass eases. The 
story of that difficult art is interwoven 
with the chronicle of fossil hunting in 
the United States for more than seventy- 
five years. 

What Cope, Joseph Leidy and 0. C. 
Marsh did for paleontology was, as we 
know, pioneering, for these three estab- 
lished the science in America. Blunder- 
ing efforts made in the years before they 
lived had advanced paleontology in this 
country only very slowly. Until well 
into the nineteenth century little was 
accomplished in finding and restoring 
fossil animals here. Few men seemed 
any more enlightened than in the days 

1For valuable advice on collecting material 
for this article the author is grateful to Dr. 
George Pinkley, associate curator of compara 
tive anatomy of the American Museum of Nat- 
ural History; for information on Mr. Knight 
and Mr. Christman he acknowledges the help of 
Mr. Knight himself, of the late Dr. Walter 
Granger of the American Museum of Natur 
History, and of Erwin H. Christman, son of th 
artist. Mr. Horsfall and Mr. Allen were coop- 
erative in providing information on their work 
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scovery of the bones of a big 
appeared to confirm the belief 

an giants once lived on earth. 
the most remarkable of all the 
ttempts to promote scientific in 
fossil creatures was that 
Philadelphia visited by the 
He saw it fifty vears after 
een established by Charles Will- 
e. When Peale had been a sue 


portrait painter for twenty vears 


s 


talled in a laree room in his house 
she had collected, and various natu 
ecimens he had received from 
s. This collection was later moved 
| in the building occupied by the 
Society, and in 1802 


) 


l'] sophical 


” 4% he oe et ee 


a3 


ar 
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moved to the State 
been vacated by the 
first board of directors of this museum. 
Alexander 
Robert 


as formed in 1792, included 
Hamilton, 
Morris. One of the active 


James Madison and 
members ot 
the institution was George Washineton 
It is Important In our story, Tor there 
apparently it was that art and paleontol 
ogv in America were first married 

The elder Peale sensed to an extraordi 
nary degree the need for public instrue 
tion in natural historv. He was the first 
American artist who was successful in 
catching popular interest ino authentic 

>** Peale’s Museum’? by Harold Sellers Co 


ton. Popi lar Ne ence, September, 1909 


Vunic ipal Vuseum, Baltimore 


THE MASTODON 


PAINTING BY CHARLES WILLSON PEALE DATED 1806, IN THE MRS. HARRY WHITE COLLECTION 

S ARTIST, A SOLDIER AND SCIENTIST, EXCAVATED FROM PEAT BOGS NEAR NEWBURGH, NEW YORK, 

NES FROM WHICH HE RECONSTRUCTED TWO SKELETONS. IN AN ACCOUNT OF THE FIND HIS SON 

MBRANDT WROTE: ‘‘ TWENTY-FIVE HANDS, AT HIGH WAGES, WERE ALMOST CONSTANTLY EMPLOYED 

WORK SO UNCOMFORTABLE AND SEVERE, THAT NOTHING BUT THEIR ANXIETY TO § HE HEAD, 
AND PARTICULARLY THE UNDER JAW, COULD HAVE KEP P THEIR RESOLUTION 
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tons had been fashioned from 
cavated bones of three animals. 
ing is imaginary,’’ he wrote, ‘‘an 
we do not unquestionably know wi 
deficient.’ 

In the Municipal Museum of 
more is a painting by Peale, cd 
1806, of the scene of the exeavatir 
the mastodon bones. It depicts a 
pump drawing water from the pit 
among the throne on the brink sta) 
Peale and his son, holding a large « 
ine of certain bones already uncovers 
The elder Peale died in 1827. His 1 
seum survived another nineteen > 
shortly after little Edward Cope’s 
to it in 1846 the institution was 
for lack of support, and its collect 
were sold at auction. 


Peabody Museum 
CRETACEOUS TOOTHED BIRD 
4 DRAWING BY FREDERICK BERGER, REPRESENTING 
ONE OF 0. ©. MARSH’S MOST FAMOUS RESTORA- 
rIONS, PUBLISHED IN THE EARLY 1880’S. THE 
BIRD STOOD LESS THAN A FOOT HIGH. 


restorations of fossil animals. It seems 
likely he was among the first to think of 
exhibiting natural history specimens be- 
fore correctly painted landscapes and 
in appropriate foregrounds. [or the 
mounted quadrupeds in his museum he 
carved wooden skeletons, over which 
skin could be stretched—‘a stupendous 
labor,’’ he wrote, ‘‘originatine from and 
affected by an enthusiastic desire of ex- 
hibitinge a series of real forms as they 
exist in nature. os 

Peale went so far as to display paint- 
ings in the hall where he mounted the 
skeleton of a mastodon. This fossil he Ditnan ted 
and his son Rembrandt had uncovered in MODEL ROOM, CRYSTAL PALAC!I 
1801, at considerable cost, from marl pits IN THIS LONDON WORKSHOP IN THE EARLY 18 
near Newburgh, New York. Writing of WATERHOUSE HAWKINS FASHIONED, LA! 
the exhibit, Rembrandt Peale—errone- ee erst aposrakssicng wisagencsen 

OF VARIOUS PREHISTORIC REPTILES IN 

ously describing it as the remains of a  ,qrrroprs. His PICTURE APPEARED 


mammoth—told how two complete skele- Illustrated London News. 





THEY GAVE LIFE TO BONES 


1840. the vear Cope was born, 
Philadelphian, also destined to 
an outstanding American scien- 

tered the University of Pennsvl- 
Joseph Leidy had studied art 


ad painted signs for a livelihood 


he turned to medicine, anatomy 
vileontology. His treatise ‘‘On the 
Horse of America’’ was published 
he was but twenty-four. Osborn 
e of him: 


venrs before Darwin brought forth the 


vered ( n of Species’? this young man was be 
S mu- to assemble a mass of data which would 


en of value to the great British natural 
\{s shown by Professor Seott, | William 
in Scott] he was tracing the aneestral 
of the horse, the camel, the rhinoceros, 
family, the titanotheres, and last, but 
ist, the anatomical forebears of man. 


COPE’S ‘*DAWN EMPEROR’’ 
A SKETCH FROM A LETTER BY EDWARD DRINKER 
COPE, DATED JANUARY 12, 1873, OF THE EO 
BASILEUS OF WYOMING, WHICH HE THEN DF 
SCRIBED AS A PROBOSCIDEAN. OF THE UPPER 
SKETCH HI WROTI THAT THE CREATURI 
‘* WALKED WITH THE KNEE FAR BELOW THE BODY 
AS ELEPHANTS DO,’’ AND THAT ‘‘ THE HORNS AND 
HEAD ARE RATHER TOO LARGE.’’ (‘‘COPE: MAS 
TER NATURALIST’? BY HENRY FAIRFIELD OSBORN. 

PRINCETON UNIVERSITY PRESS. ) 


It was Dr. Leidy who deseribed in 
exact detail the chelonian and mam- 
malian fossils from Wisconsin, lowa and 
Wyoming collected in the 1840’s by Dr. 
Hiram Prout and David Owen. Leidy’s 
research produced ereat blocks of those 


basic data on which the artists working 
Peabody Museum 
EARLY RESTORATIONS 
TCH OF A SMALL DINOSAUR AND OF WINGED 


for paleontology have devised realistie 
paintings and sculptures of prehistorie 
MARINE REPTILES, PAINTED ABOUT SIXTY animals. 

‘S AGO BY ARTHUR LAKES, AMATEUR PALEON The science long remained a mystery 
OGIST AND ASSISTANT TO MARSH IN THE FIELD tg the public, however. In 1869 ap- 
) AT YALE UNIVERSITY. (‘‘0. C. MARSH: PIO aos 
peared Leidy’s master work on the ex 
tinct mammalian fauna of North Dakota 
and Nebraska ; vet not for another quar 


IN PALEONTOLOGY,’’ C. SCHUCHERT AND C. 
M. LE VENE. YALE UNIVERSITY PRESS. ) 
‘Impressions of Great Naituralists,’’ by 

Fairfield Osborn, Scribner’s, 1924. ter of a century was any successful at 
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tempt made to translate into truly life 


like pictures and popular accounts the 


Information compiled during the busy 
period of fossil huntine that began in 
Leids *s time 

In Kneland, however, somethine was 
done, about 1854, that amused a few 
paleontologists while it probably enraged 
others. Waterhouse Hawkins, a seulp 
tor, made models of several prehistoric 
creatures for an exhibit in the Crystal 
Palace in’ London. Authentic restora 
tions were then searce, for few complete 
skeletons had been found, so this sculptor 
let his imagination be carried away by 


Images evoked by the names of the ani- 


ATACEOUS ‘*‘HORNED LIZARD’? 
KETCH BY COPE OF A’ PAIR-HORNED 
CERATOPSIAN IS INSCRIBED ** THE HORNED LIZARD 
AGATHAUMUS SILVESTRIS COP! 25x15 FEET. 
FOR! AND JUNGLE. ’”’ **COPE: MASTER 
RALIST’’ BY HENRY FAIRFIELD OSBORN. 


ON NIVERSITY PRESS 


mals.) Working on a seale he believed 
to be life size, he depicted a Megalo 
batrachus as a e@iant frog, and modeled 
a Trachodon with a head like a huge 
wana 

When O. C. Marsh, the paleontologist, 
saw these models in 1895 he wrote of 
them: ‘*The dinosaurs seem .. . to have 
suffered mueh from both their enemies 
and their friends. Many of them were 
destroved and dismembered long ago by 

'** Man and His Creations,’* by F. A, Lueas, 
Natural History, Vol. xxvi, Mav—Jun 


their natural enemies, but, more r 
their friends have done them 
Injustice in putting together their 
tered remains and restoring them t 
posed life-like forms. ... So fai 
can judge, there is nothing like 
them in the heavens, or on the eart 
in the waters under the earth. 
Twenty vears after Hawkins 
modeled his monsters for London hi 
invited to do sculptures for the celeb; 
tion in Philadelphia of the centena) 
the Declaration of Independence 
secretary of the Smithsonian Institut 
sought Marsh’s opinion of the pro 
That eminent scientist replied by 
in December, 1875, and this is what 
wrote: 


I do not believe it possibl at present 


restorations of any of the more importa 
tinct animals of this country that will be 
value to science, or to the public. Ina few 
Where the material exists for a restorat 
the skeleton alone, these materials have n 
been worked out with sufficient eare 
such a restoration perfectly satisfactory, 
go bevond this would in my judgment 
certainly end in serious mistakes. Whe 
skeleton, ete., is only partially known the dang 
of error is of course much greater, and I 


+ 


it would be very unwise to attempt resto! 
as error inca case of this kind is very d 
to eradicate from the publie mind, eé.g., th 
restoration of Labvrinthodon with tf 
hody) still continues to appear In popu 
entifie books. ... A few vears hene: 


certainly have the 


material for some go 


torations of our wonderful extinet animals, 


¢ 


the time is not vet.6 


The prediction which closes this | 
was fulfilled, as we know. But 
of error did not deter those in Phil 


phia in 1875 who were sold on the H 


kins sculptures. That ambitious art 
did finally make a plaster mode 
Cope’s dinosaur Hadrosaurus for 
Exposition The secretary of the Si 
sonian later was able to wateh this 
‘O. C. Marsh: Pioneer in Paleonto 
Charles Schuchert and Clara M. Le 
ale Universitv Press, 1940. 
Op. cit., (Sehuehert and L 


Marsh ’*’ 
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TRAPPED IN THE TAR POOLS 


RAL BY KNIGHT DEPICTS ACCURATELY THE STRUGGLES OF 
OF LOS ANGELES, 


PITCH POOLS 


CALIFORNIA. 


RANCHO-LA-BREA 
THE PAINT 


GROUND SLOTHS MEGATHERIUM 


MUSEUM OF NATURAI 


rHREE GIANT 
HISTOR 


KS 


AMERICAN 


UINTATHERIUM BROUGHT 
CHARLES R. KNIGHT PAINTED IN IS96 WA 
THIS EOCENE MAMMAL, WHOS 
WAX MODELS FR 


ALLY MADE SMALI 


IN SUNLIGHT 
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© Field Museum of Natural Hist 
CRETACEOUS REPTILES OF THE SEA 
A MOSASAUR SKELETON TWENTY-NINE FEET LONG, FOUND IN KANSAS, WAS DESCRIBED BY OSBO 
AND ILLUSTRATED BY KNIGHT IN Science IN DECEMBER, 1899, THIS MURAL SHOWING A MOSA 
ATTACK ON ARCHELON (PTERANODONS FLYING ABOVE) WAS PAINTED THIRTY YEARS LATER 


integrate on its base outside the National tities of priceless material, later 
Museum under the assaults of more than — assembled and depicted, in full vitality 
a decade of Washington weather. by artists who drew and modeled wit! 

Of course, the progress of fossil resto- scientific precision, under the crit 
ration has since shown the soundness of — eves of paleontologists. 

Marsh’s opinion. His dourness, his sus- Most of the drawines of bones and 
picion of anything pseudo-scientific, was skeletons that illustrated Marsh’s pub 
fitting in a temperament that earned for — lications were made by Frederick Berg 
him at the Century Club the nickname — who served as artist at the Peabody Mu 
of ‘the great dismal swamp.’’ He was seum from 1875 until well into th 
more than the head of the division of —1890’s. But perhaps the most talented 
vertebrate paleontology of the U.S. Geo- 9 of Marsh’s assistants was Arthur Lakes 
logical Survey—more than the distin- Here was an artist who also had fiel 
euished professor of Yale; he became — experience collecting bones in Colorad 
leader in the art of making lifelike and other regions, as well as laborator 
restorations of the skeletal remains of training at Yale, where for a_ tim 
toothed birds, swimming and flying rep- helped string fossil remains into arti: 
tiles and other extinet creatures of the lated skeletons. He was an Eng! 
earth. When the Peabody Museum in clergyman, engaged in the 1870's 
1876 exhibited part of Marsh’s collection teacher in Golden City, Colorado. Thi 
of vertebrates, there was shown a papier- he made several notable discoveries 
maché model of the dinoceras Mirabile, — fossils, and not only produced se 
constructed from remains found in Wyo- drawings of bones as they were ex 
ming. vated, but worked in water color. 

It was about that time that the dino was among the first artists to make 
saurs were attracting international et- liable restorations of prehistoric rept 
tention. Many have doubtless heard of — as they appeared in life. 
the lone and bitter rivalry of Marsh and It was Edward D. Cope, however, \ 
Cope. It lasted through a period when was one of the first to study the bones 
many fossil hunters were collecting in the dinosaurs that were unearthed in t 
western United States; when Yale, West. His excavations in the mar! pits 
Princeton and the American Museum of — of New Jersey in 1866 had attract 


Natural History were receiving quan- — scientific attention. He had brought 
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* lion 


“eae 


GIANT GROUND SLOTH 
FORE THE DAWN OF HISTORY,’’ 
ING UNTIL COMPARATIVELY 
THES! 


remains of carnivorous dinosaurs, 


iding the leaping monster, Laelaps 
) 


In 1873 he had made resto- 
tions of the Eobasileus, or Dawn Em- 


if HUNGUIS, 


r of Wyoming, and three vears later 
from Montana rock and soil the fos- 
skeleton of a giant flat-tailed Plesio- 
ur, Elasmosaurus platyurus, with its 
neck. This reptile Knight de- 
cted vears later, hearing from Cope 
uself a description of the animal and 
account of its submarine habits. 
ope’s own restorations, in his sketches, 
seem crude, but in the 1870’s they 
ere unique. Here was a great author 
on prehistoric life, toiling day after 
to assemble the bones of a dinosaur; 
then, after months of taxing labor, put- 
ting down his conception of the creature 
as it probably was in life. It was in a 
letter of January, 1873, that he made 
one of his first sketches of the Wyoming 


‘Dawn Emperor,’’ then classified as a 


biscidean. He 


marked the sketeh, 


and head are rather too 
Another important resto- 


1878, 


S horns 


tion, done about was Cope’s 
wing on brown wrapping paper of 
lizard, the 


ng its leneth as 75 feet 


amphibious Inscription 
the Camara 
rus supremus (Cope). Later restora- 
ns corrected the shortness of the legs. 


Not till 1897, however, did Cope meet 


AND EARLY 
KNIGHT DESCRIBED THI 

RECENT TIMES ON THI 
MURAL FIGURES WITH SKELETON SHOWN ON PAGE 130. 


® Field Museum of Ne 
ARMADILLOS 
HUGE BUT HARMLESS MEGATHERII 


PLAINS OF SOUTH AMERICA, COMPAR 


Knieht, and soon after was assured that 
this skilled 


terrifvinely 


artist could translate into 


real forms the conceptions 
developed in decades of scientific study 


To his wife in March, 1897, Cope wrote: 


Professor Osborn was here vesterday and 
afternoon, and we had 


lon the New 


spent a good deal of the 
a pleasant talk. He is going to ea 
York surgeon who attends my ease and learn 


can. Mr. 


Magazine, has 


what he Knight, the artist for th 


Century been here a couple 


Naosaurus 


EKlasmosaurus, Agathaumus, Camara 


days, and is. getting figures of 
Laelaps, 
saurus, and other saurians. He is verv origi 


in attitudes. 
Marsh 
had 


But the work of all 


Three weeks later Cope died 
lived but two vears longer. Leics 


1891. 


three had laid a vast foundation for the 


passed On in 


art that was to make fossils live 
Osborn, in his ‘‘ Impressions of Great 
Naturalists, ”’ 


erence to Cope’s labors. which preceded 


made an enlightening ref 


by many vears some of Knight's restora 
tions: 


(As a pioneer in explot 
animals he was « 


largely from 11 
rials, leaving the fie 
more exhaustive 
ported by the gove 
uminated the 
asoning and hi 
** Cope: Master Natura 
field Osborn, Prine J 
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kn 
tmerican Museum of Natural H 
AMERICAN MASTODON SCULPTURED BY KNIGHT 
ARS AGO THE AMERICAN MUSEUM OF NATURAL HISTORY, UNDER OSBORN ’S DIR 
ND MODELS MADE FROM RESTORATIONS IN WAX OF FOSSIL VERTEBRATES, SEVERA 


COPE HAD DESCRIBED TO KNIGHT. 


os pete _ 


ARMORED JURASSIC MONSTER 


THIS RESTORATION OF THE DINOSAUR STEGOSAURUS, WHICH IS IN A MURAL DONE FOR TH 
IGH 


©) Field Museum of Natural Hist 


MUSEUM OF NATURAL HISTORY BY CHARLES R. KNIGHT, IS ONE OF A SERIES OF WENTY 
PAINTINGS WHICH REQUIRED FIVE YEARS FOR COMPLETION. 
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his hands, his first step was to 


and over, to comprehend its form 


and to compare it with its nearest 


its 


USCS 


t 
the 


throw out a conjecture as to 
the life 
His conelusions as to the habits and 


ot 


ition to economy of 


womotion these animals, often so 


is to excite laughter, were suggestive 
m the vast deeps of time of the mus 
life 


It is fortunate that some « 


Im pe lled the 
of this 


has been written down by 


nervous which One 


one 
ve history 


s 


mu and that, although physically en 


DV a mortal illness, Professor Cope In his 
s was able to convey to Mr. Knight, the 


s of how these ancient 


impressions 


lived and moved. 


ars elapsed, as we know, between 
the 


excavation of fossil bones and 


LOW 


SCULPTURES OF 
EOHIPPUS, A 
KNIGHT 


GRACEFUL MODELS OF 


MADE BY CHARLES R. 


IER 


., WERI 


orations in realistic form by painters 
sculptors working from skeletons. 
Was this, finally, which helped to 
ise wide public interest in prehistoric 
How, to that end, the Ameri 
Museum of Natural History created 
re dramatic exhibits is a story too lone 
Some of it may be briefly 


als 


tell here. 


ated, as the employment of artists 


part of an oreanized effort to inform 
public of advances in natural history. 
ist upon art suddenly were greater 
rtunities than were ever before pos- 
TO interpret the science of paleontol- 
for the lay publie. 
rly in the 1890’s had 


Dr. Osborn 


LIKE TO 


LE 
ER 
FOR 


BONES 


the museum exhibits 
f fossil animals in life-like poses. While 
in New York in 1896 Professor Schuchert 
of Yale saw the 
Adam 


Osborn *S l 


begun to set up in 


‘) 
skeleton of a brontothere 
In accord 
When the 


Browne 


mounted by Hermann 


ance with deas 


method to G 
Goode, then director of the National Mu 
Washineton, Schuel 
ert was informed, in somewhat contemp 
that he had 
paleontology in New York 
In Washineton, as many 
seums, the of 


fossil vertebrates were left on the shelves 


Was 


proposed 


seum in however, 


tuous tones, not seen fine 


but fine 


other 


art 


1) Hil 


collections skeletons oO] 


for the exclusive sight of paleontologists 


FOUR HORSE 


EOCENI 


TOED 


CREATURE ONLY FOOT HICH 


AMERICAN MUSI M r NA tAL HISTORY 


rut 


until the movement promoted by 
born spread 

Many technical books, as well as works 
of popular science published in the early 
1900’s, 
illustrated than any 
lished in’ the 
When Cope’s ‘ Batrachia and 
of North America’’ 


1869. il] 


however, were more excitinely 
that had been pub 
previous two decades 
Reptilia 
Extinet Was pub 
ustrated almost 


the 


lished in It Was 


entirely with drawings of bones 


main plates being done by Edwin Shep 
pard. This was not a book for the public, 


it was true; vet even serious students of 


Marsh: Pioneer 
Le Ven 


Dis 0 oo 


Schuchert and 
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© Field Museum of Natural H 


PROCESSION OF WOOLLY MAMMOTHS 
LIVING ELEPHANTS AS WELL AS STUDIES O01 


RES AND MADE MODELS OF 
CAVE DRAWINGS AT LES EYZIES, 


KNIGHT PAINTED PICT! 
HISTORIC SKELETONS, AND EXAMINED LE MOUSTIER FRANCE, 
BY CRO-MAGNON ARTISTS. 


The frontpiece reproduced a painting of 
the Great Horned Dinosaur by Knight, 
realistic drawings of 


science could welcome such a work as 


Frederick A. Lueas’s ‘‘ Animals before 
Man in North America—Their Lives and and there were 
Times,’’ published in 1902 by Appleton. giant crustaceans, titanotheres and mas- 


#3 
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GIANT WOLVES AND SABER-TOOTHED TIGER 
IN A PLEISTOCENE TAR POOL IN SOI 
‘LAND MAMMALS IN THI 


4 MAMMOTH THERN CALIFO 


ROBERT BRUCE HORSFALL., es 
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FIGHTING OVER THE CARCASS OF 


4 RESTORATION ON CANVAS BY 


BY WILLIAM BERRYMAN SCOTT. MACMILLAN COMPANY. 
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Gleeson, Knight and others. Marsh had begun as early as 1877, dur 







storations were in addition, of | ing Osborn’s student days at Princeton, 





) photographs and diagrams of — when he and William Berryman Scott 







‘ and parts of the creatures dis- went fossil huntine in Colorado kor 
Osborn’s ‘‘The Age of Mam- _ fifteen years, in field work, teachine and 
Europe, Asia and North Amer laboratory research, he had been accumu 






sued in 1910, included a preface — lating experience for the opportunity 






the author explained : that enabled him to present dramatically 
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ler who finds it difficult to picture the the Stor ol what SCLETICE had i¢ arned ol 


cient forms of mammals has to thank the evreat ancient reptiles, and of the 
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L HERE DEPICTS ‘‘FALSE’’ SABER-TOOTH TIGER, OR NIMRAVIS, AND TRUE SABER rOoOTH, OR 
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ted artist of the life of the extinet wo1 ld, forebears of the horse. the rhinoceros and 
Mr, ¢ rles R, Knight, for the series of restora 






the elephant. His influence on the edu 





n under my personal direction, which 





cational policies of natural history mu 





ght together for the first time in this 










It is always to be understood that sueh Seums in this country is still to be ex 
ms repre sent hypotheses merely, or ap celled. 
“ons to the truth. Before Cope died the American Mu 
This volume was also illustrated by seum bought his collection. Osborn sent 
several fine drawings by Erwin S. William Diller Matthew to Philadelphia 
( tman, of whom we shall tell later in 1895 to catalogue and pack the mass 






vas In 1891 that Osborn opened his — of fossil material. In the next few vears 






‘tment of mammalian paleontology Matthew was able to exercise ‘‘a keen 





American Museum of Natural interest in the problems that were con 





History His relations with Cope and — stantly being raised in the attempts to 
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mount fossil skeletons in lifelike poses.’ 
‘*were to be solved only 
the 
ani 
for 
first 


These 


These problems 
on 


studies 


ot 


by carefully correlated 


and skeletons livine 


The 


under 


post ures 
forward 
brilliant 


assistant, Dr. Jacob L. Wortman. 


mals.’’ work went 


a while Osborn’s 


restorations of the bones of extinet ani 


mals provided the sculptors and painters 
at 
for models and pictures that were vividly 
In 


the artists helped the museum to design 


the museum with abundant material 


realistic, as well as accurate. turn, 
better exhibits. 
this 
there were certain important 


Before art was fully developed 
ventures 
in illustrated journalism, to arouse in 
terest and inform the public with au- 
thoritative accounts of what was recently 
discovered about the reptiles and mam- 
mals of past. The 
® William K. History, 
Novembe1 


the earth’s remote 


Carre gory in Natural 


December, 1930. 


THE OLIGOCENE 
rITANOTHERES WERE 
WHICH 


LIF} 


TORY IN 


SIZE HEADS OF 
1912, MANY 


CHRISTMAN, 


MODELS O} WERI 


ERWIN 8. THE LATTER, 


RESTORATIONS 


THE SCIENTIFIC 


E-RONTOPS AND 
INSTALLED IN 
PREPARED BY 
4 GIFTED YOUNG 
FOR 


MONTHLY 


achievements of paleontologists 
had at 
popular consumption. 


become 
What Ma 


said in 1875 was no longer true 


COUNTY last 


how possible to present good rest 
of most of the important extinct 
of the United States. 

Marsh opp 
mounting fossil specimens from 
lection for public display. At t! 
of 1895 he published on a large s 


himself was lone 


dozen illustrations of skeletons o 
saurs, but this was by no means a : 
toward popular science. Some 
monthly magazines took up the s 
devoting many pages to lively art 
to that 


sensational, 


illustrations 
but that 
Ina few years there was an 


and 


made. 
ing increase in popular interest 
historic creatures. 


In the Century Magazine for Septer 


ber, 1896, was an article 


tmerican 
EOTITANOPS 


THE AMERICAN MUSEUM OF NATURA 


PROFESSOR WILLIAM K. GREGOR‘ 


ARTIST, WORKED FOR TWENTY YEARS 0} 


THE MUSEUM. 


then se 


were scientifi 


} 


by Os! 


Vuseum of Natural Histe 
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Prehistoric Quadrupeds of the 

The author deseribed the 
iimals in detail. Kffectively 
tized the life and habits. of 
Uintathere of the 
region of Wvoming 

the Mesonyx, largest of the 


four-toed 
southern 


es: the four-toed horse — of 
Lake in the Big Horn Moun- 
the Titanotheres of 
Basin; the 


Wvoming ; 
ith Dakota 
nodon, or 


reatures until then unheard of by 


Lake 
aquatie rhino, and 
aders of the Century. 
his article it was made clear that 
me of the animals illustrated had 
after 
in the 
ind in the Yale, 
ton and the American Museum of 
ral History. included a 
description of fossil huntine. The 
reproduc- 


form 
both 


workshops ot 


estored in skeleton 


hard work, 


years of 


Osborn 


illustrated with 


ns of nine paintings by Charles R. 


ticie Was 


elit 
Soon after Cope died in 1897 the Cen- 
fury carried another article by Osborn 
i the great naturalist, with illustrations 
Knight of leaping dinosaurs and 
backed lizards. In the 
was William 


“Strange Creatures of the 


Sdlhe Issue 


Ballou’s article, 
Past,’”’ 
lustrated by Knight with six paintings. 


Here 


eXalninine 


Hosea 


also 


was deseribed Cope’s method of 
the skeletons of saurians of 
and 


“Durine 


the Triassic, Jurassic Cretaceous 


Ballou explaining : sev- 


months preceding his Cope’s 

his original and interesting views 
upon these animals, and his ingenious 
speculations regarding their habits, were 
mparted to the writer.’’ Another of 
Ballou’s articles appeared in the June, 


Monthly. En 


1898 


Popular Science 


L‘*The Serpentlike Sea Saurians,”’ 


Ss illustrated with a full-page draw- 
rv J. 
lrawinegs by Cope, Marsh and Wil- 


The 


Carter Beard, as well as with 


Beard illustration was 


BONES 


timerican Museum of Natural History 


PARASAUROLOPHUS WALKERI 


4 MODEL BY LOUISE GERMANN MAD! 193% 


STUDIES OF A 


erude and unrealistie in showine ‘the 


Great Cretaceous Ocean”? filled with very 
animated Mosasaurs, marine turtles, 
bulldog fish and a Plesiosaur, from resto 


Williston and Ballou 


wrote sensationally of the Mososaurs, 1 


rations by Case 
a stvle later used for Sunday supplement 
articles that may have caused nightmares 
amone readers of Mr. Hearst’s New 
York American 

When the Hall of Natural History was 
formally opened at Trinity College in 
Hartford, Conn., at the end of 1900, Dr 
Osborn delivered there a popular lecture 
progress of vertebrate 
He declared, 


which TO 


on the recent 
paleontology in America 
“The true modern spirit. in 
study a fossil vertebrate is to Imagine it 
swimming or 


He welt 


on to say that it was possible to study a 


as livine, movine, walking, 


flving, begetting its kind. 
fossil as ‘‘thinkinge,’’—as fearing its 
enemies and devising means of escape 
for the oreans of sight and smell had 
** fossil psvchol 


that 


work ceonsisted 


been studied as part of 


oev.’’ He explained one of the 


ereat advances of recent 


‘on the fact that we have secured com 
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plete skeletons in the place of fragmen- 
tary parts.’”! 

That 
with its emphasis on the psychology of 


statement of forty vears ago, 
animals, may serve to reveal to present- 
of the effective- 


ness of the art then first emploved to 


day readers one secret 


interpret paleontology to the people. 
This art was believable as well as excit- 
ing, for fossil material had been amassed 
in quantities. Besides, scientists made 


new restorations whenever new know!l- 
edge radically modified their first con- 
ceptions. It was in this spirit that the 
American Museum of Natural History, 
from the time of Osborn’s efforts to at- 
tract public attention to the discoveries 
Knieht, 


other 


of paleontologists, emploved 


Horsfall, 


artists. 


Christman and several 


Knight began by sketching live ani- 


mals as a hobby. He studied animal 
anatomy in the taxidermist shop of the 
museum while he was working as a de- 
and R. Lamb of New York, 


1901. 


signer for -J. 


Science, January 11, 


THE SCIENTIFIC MONTHLY 


makers of stained elass. He was 
1874, attended B 
Polytechnic Institute, and studic 
Art Students League. 
fore the Dawn of History,’ | 


Brooklyn in 
In his boo 


tions the incident that opened 

the career he has followed for fort 
vears. One day in 1894 Dr 
Wortman of the American ) 
Knight to 
color of the Elotherium. 


| 
i 


asked make a small 
Krom 

complete skeletons and skulls the 
made a restoration that was satisfact 
Ife believes that his principal equi; 
for such work from the beginning 
his ‘‘intense love of and interest 

forms and attitudes of living ani 


He has frequently said that no 


can put life into drawings and pain 


of extinct animals unless he knows 
thing of the life, attitudes and ps) 
ogy of living creatures. 

Working under the supervision o! 
born, Wortman, Matthew and ot! 
the museum, Knight helped de) 

11 Whittlesey House, 1935. 


MODEL OF BRONTOSAURUS—A JURASSIC DINOSAUR 


CONSTRUCTED BY JAMES E, ALLEN AT THE AMERICAN MUSEUM OF NATURAL HISTORY. 





y-eight 


Jacoh 


luseun 


Water 


Various 
> artist 
actor 
Ipment 
1” Was 
In the 
mals 


artist 
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SKELETON OF EMEUS CRASSUS 
COLLECTION OF FIELD MUSEUM OF NATI 
SAL HISTORY. 


method of making pictorial reconstrue- 
tions from the inside out. In three or 
our years his application to this work 
produced remarkable results. He had 
illustrated books and magazine stories in 
the early 1890’s, but from the time he 
began drawing and painting for paleon- 
tology he developed an acute sense of 
the vitality of the ancient creatures he 
It was his primary purpose to 
impart life to his restorations, so that 


depicted. 
fossil Mammals and reptiles would be- 
come almost as familiar as modern horses 
and does to all who saw his models or 
pictures, 

In the spring of 1898 the museum is- 
sued a catalogue of casts, models and 
photographs of restorations of fossil ver- 
Reviewing this in Science, 
Osborn referred to ‘‘the difficulty of 
arousing interest and spreading accurate 


tebrates, 


uformation among a very large class of 


inquisitive but wholly uninformed peo- 
le” To overcome this difficulty mem- 
of the Department of Vertebrate 
ntology of the museum had made 
al studies of methods of holding the 


est of visitors to the museum. One 


EMEUS CRASSUS RESTORATION 
THE SKELETON AT THE LEFT PROVIDED THE BASIC 
FORM FOR THE PAINTING BY J. C. HANSEN. 


result was the exhibition with fessils of 
the series of water colors by Knight. 
Several of the creatures illustrated in 
the catalogue of casts were those whose 
movements were deseribed to Knight by 
Cope. Among these was, of course, the 
leaping dinosaur. Knight’s model was 
based on the fragmentary skeleton in 
the Cope collection, and on restorations 
by Marsh of the allied form, Cerato- 
Saurus. 

It was the artist’s practice to make 
first a number of models in wax in ae 
cordance with the proportions and mus 
cular indications of the skeleton. Irom 
evidence at hand he was able to draw 
conelusions about the feeding habits of 
the animal. and its attitudes, as shown 
bv the positions of the jomts and the 
Then, to get 


three dimensions9 on 


angles of feet and limbs. 
the solidity of 
paper, and to reproduce shadows of the 
animals on the ground, the models were 
placed in sunlight, and the paintings 
made from them. It was when Osborn 
decided the wax models themselves were 
worth preserving that casts were made 


and a catalogue issued. Collegves, scien 
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schools and individual students 


tific 


could thus obtain material for study. 


The original sculptures and paintings 
were a gift to the museum from J. Pier- 


Morgan. 


pont 

By early summer of 1898 Knight had 
water colors and a 
had 


realistic 


made about twenty 


number of models, and begun 


The 


animals 


artist’s 
had 


fluence on the designing of displays for 


others. poses of 


ancient considerable  in- 


the museum. Skeletons of many speei- 


mens mounted after his models. 


The 


models of 


were 


artist made a notable series of 
primitive elephants, and in 
the early vears of this century a series 


Mio- 
Probably Knight has be- 


of restorations of Pleistocene and 


cene horses, 
come most widely known for his murals 
in the Natural 


Museum in 


American Museum. of 


History, and in the Field 


THE SKELETON 
MEGATHERIUM 
HIS ANATOMICAL 


A GOOD SPECIMEN OF 
MADE 


THE SCIENTIFIC 


OF 
WHICH DISCLOSES SOME OF 
STUDIES FOR 


MONTHLY 


His first laree wall di 
was begun in the New York mus 
the Hall of the Age of Man. | 


next ten vears he was engaged in 


Chicago. 


ing the series of wall panels whi 
impressed all who have sought 
tures a clearer idea of life on ea 
the 
Knieht tl 
twenty-eight large panels for the 
Museum, 1926 and 1930 
returned to decorate the Hall of the 
of Mammals in the American Muse 
One of the latter panels shows 


it must have appeared in 


phases of its evolution. 


between 


mals of the Upper Phocene period; t! 


short-jawed Stegomastodon, the Glypt 


therium, an armadillo-like animal, an 
the one-toed horse Plesippus, also th 
Pliauchenia. Another 
panel, completed in 1934, when Knight 


early camel, or 


observed the fortieth anniversary 


© Field 
A GIANT SLOTH 
PHI 
SHOWN ON 


VWuseum of Natural H 


EVIDENCE ON 
121. 


WHICH K* 


THE MURAI PAGE 
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e Field 
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eum, 
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il, ani ; A ol aoe mginirs aie " , 
Iso th 7 F ; ; oT | . 4 — < 4 oe -S- = 
nother year = 
Knieht 


Ol his 


SKELETON OF A DINOSAUR, SEVENTY-TWO FEET IN LENGTH 
STORATION OF DIPLODOCUS LONGUS MARSH IN THE UNITED STATES NATIONAL MUSEU) 
PPED PIECEMEAL TO THE CAPITOL FROM THE DINOSAUR NATIONAL MONUMENT 


ation with the museum, illustrates = brought him commissions in 1898. Tors 
mals of the Oligocene period in i fall, whose studio is now in Washineton, 
estoration of a typical scene in Nebraska — has had a distinguished career as artist, 
d South Dakota. in the Museum of author and naturalist. Born in Towa in 
tural History in Los Angeles is a 1869, he studied in Cincinnati Art Acad 
foot panel of the Rancho-La-Brea = emy and in Munich and Paris, and ex 
pools. The mural in the Plane hibited in the Chicago Exposition of 
im in New York, by the way, is also | 1893. In addition te his work for the 
Knight: it illustrates the story of the New York museum, which chiefly con 
(ioddess in the mythology of the — sisted in drawings of fossil skeletons, he 
us Indian. In 1940 Knight made did restorations of extinct animals for 
first lithographs, a series of fourteen, WeClure’s Magazine. Professor William 
strating invertebrate and vertebrate |= Berryman Scott emploved him to illus 
atures through the ages. His paint- trate the fossils of Patagonia, on which 
s have been reproduced in countless he spent some eleht Vvears. He made 
‘sand magazine articles on prehis- — illustrations for Scott’s ‘A History of 
life, Land Mammals in the Western Hemi 
\nother talented artist who came to — sphere,’’ first published in 1918, and also 
American Museum of Natural His- painted backgrounds for museum cis 
before 1900 was R. Bruce Horsfall. — plays. 
ecalls that it was Osborn’s quest for A vifted lad of 15 came to the Ameri 
en and ink draughtsman that first can Museum of Natural History one day 
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in 1900. Tle was encouraged to copy drawings of the bones, and afte) 
skulls and = make other studies of of painstaking work, he made 


anatomy, and to play about with pencils and arranged these in a realist 


and modeling clay. This boy had an This he used as the basic design fo 
extraordinary interest in animal life and has been considered one of th: , 
was able to express that interest in art. sculptured models of a dinosai 
His name was Erwin S. Christman, and — made.! 

he spent more than twenty vears of his Osborn’s **The Age of Mam 
short life as an artist for paleontology. © Europe, Asia and North Ameri 


In particular he developed an ability as cluded several photographs of ( 
sculptor, and became a valuable member man’s models of primitive Probos 


of the museum’s staff before he was — and other mammals. In April, 1912 
much older than the average college museum installed an exhibit of a 


freshman. He studied at the Art Stu- 9 of life-size heads of the Titanot 
dents League and the American Aead- those gigantic horned monsters that 
em of Design. He obtained some of his roamed the plains of the Dakotas 
earliest practice in the difficult branch of — were distant relatives of the rhi 

art he had chosen by making wash draw- These, displayed in the Hall of \ 
ines of the teeth of Titanotheres. brate Paleontology, were model 


Then Christman turned to pen and (‘hristman under the direction of O 
ink, and modeling clay, and made a and Greeorv. A few vears later G 
series of drawings of the skeletons of | and Christman, after arduous res 


dinosaurs. One of his notable achieve- 


12** Krwin S. Christman—Draughtsm 
tist, Sculptor,’’ by William K. Gregory 
saur Camarasaurus. From innumerable — History, November—December, 1921. 


ments was the restoration of the dino- 


# 





United States National Mu 
ARMORED DINOSAUR IN THE UNITED STATES NATIONAL MUSEUM 
THE LIFE-SIZE RESTORATION OF STEGOSAURUS WAS MADE FOR THE ST. LOUIS EXPOSITION OI! 
rHE MUSEUM HAS A SKELETON SHOWING ARRANGEMENT OF THE DERMAL PLATES. 
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d in devising a complete restora- 
| Titanothere which, for the first 
sented the musculature of those 
es. Christman died in 1921 at the 
lirty-six, after more than twenty- 
rs’ serviee to science and eduea- 
Ina fine tribute Dr. Gregory wrote 
that ‘this work was characterized 
bv creative vision but by fidelity 
il,’ and praised him as an intelli- 
nd sympathetie assistant to the 
fie staff.’ 
ong the artists who 


have worked 


museum in more recent vVears 
been John C. Germann and Louise 


Hulda, 


painting of a Miocene camel bed 


r Germann; E. Runeius 
d was done under direction of Dr. 


im Brown: and M. Flinsch. who 
a number of drawings of elephants 
Charles .J. 


econstruction of the 


mastodons. Lane made 
Loneirostine 
\astodont. 

director of the agency in 
advertising for Sinelair Oil 


mipany saw in Collier’s Weekly about 


The art 


ree of 


ears ago an illustration of a Jurassic 

i monster. He commissioned the artist, 
es E. Allen, to do a series of dino- 
rs for advertising illustrations. Few 
them knew how much 
went Allen 
ade numerous studies at the American 
iseum of Natural Historv under the 
supervision of Dr. Barnum Brown, with 
vuidance from Dr. Walter Granger, Dr. 
Robert C. Murphy, Dr. 
A handicap under which he 

worked was, of course, the speed with 


iders who saw 


eful work into. these. 


Gregory and 


Which commercial illustration is re- 
juired. TLis dinosaurs were later repro- 
‘od in booklets and on stamps that 
ere printed in some 5,000,000 copies, to 
ply requests from a publie that  re- 
ionded with intense this 
mple of art in the service of science. 


interest to 


Vatural History, November—December, 1921. 


At the Field Museum in Chicago many 


fossil vertebrates have 


restorations ot 


been made by John Conrad Hansen 


His eravon and pencil drawings and pen 
and ink studies of prehistorie animals 


have been used by the museum to illus 


cased exhibits of the articulated 


trate 
skeletons. Born in Trondhjem, Norway, 
seventy-three vears ago, he came to this 
country as a boy and lived in Minneapo 
lis. There for nearly forty vears he 
worked as a lithographer, specializing in 
for the Monarch 
He opened a 


1929, 


Vienette eneraving 
Lithographic Company. 
commercial studio in Chicago in 
and joined the staff of the Field Museum 
about four vears ago. Since early youth 
he has painted portraits, landscapes and 
figure studies in oil 

The art that has interpreted the life 
work of America’s paleontologists, as we 
have seen, has been more than technical 
illustration—it has often been fine art 
It has required an extraordinary com 
bination of talents, for its best practi 
had the full 


they 


tioners not only have 


equipment of professional artists 


have adapted their technique to illustra 
tion, which was made dramatic to attract 
interest. They 
subject with more than ordinary under 
They have 


have approached their 


standing of animal anatomy. 
worked, for the most part, with material 
which required a happy blend of imagi 
nation and scientific precision; material 
on which they must exercise skill and 
patience under the eves of scientists who 
would not approve work in which imagi 
nation had fact 


have been the rigid requirements of a 


run away with These 


branch of art whieh has, in most in 
stances, brought little recognition to the 
artist, but which has made a major con- 
tribution to eduecation—to the more effee- 
tive use of museums as educational instl- 


tutions. 











SOIL AND WATER ECONOMY IN THE 
PUEBLO SOUTHWEST 


Il. EVALUATION oF PRIMITIVE METHODS OF CONSERVATION 


By Dr. GUY R. STEWART and Dr. MAURICE DONNELLY 


SOIL CONSERVATION SERVICE, U. S. 


IN the work carried out so far, we have 
found five principal types of conserva- 
tion practice which were used by the 
The first of these 


terraces 


early Pueblo farmers. 


consisted of boulder bench 
Which received local run-off from adja- 
cent slopes, and so supplemented the 
rainfall by adding the precipitation from 
tracts several times as large as that on 
which the crop was planted. Many such 
plots were tiny in size, even 8 by 10 feet 
in area, but in most cases consisted of a 
SCLrles of two or three boulder checks 
which would have helped to retain run- 
off comine onto small eardens 75 to 100 
feet lone by 20 to 30 feet The 


laree terraced site on the Walhalla Pla- 


wide. 


teau is an example of field scale water 
upon this area, 
where local run-off was arrested. Very 
level 


conservation tvpe ot 


few terraces of this sort were on 
land, and even with gradients no steeper 
than 2) to 3 per cent. there has been a 
their 


terraces 


eradual loss of surface soil. In 


form boulder bench 


reduced the velocity of flow of 


simplest 
merely 

run-off 
water intake into the soil. 


water, thereby increasine the 

It is probable 
that this type of moisture- and soil-sav- 
ine dam was first constructed after some 
early cultivator observed that water was 
retarded and soil retained bv fallen tree 
trunks which lay across small drainage 

Where rocks supported and 
the tree branches or trunks 
it was that the 
likely to be more permanent. 
ral occurrence of simple wood and rock 
checks has often been 
observed by Mesa Verde and at 
other points in the Pueblo country, and 


depressions. 
reinforced 
structure Was 


The natu- 


found 


water-arresting 
us at 


154 


DEPARTMENT OF AGRICULTURI 


such demonstrations could not ha 
failed to attract the attention of a pri 
tive cultivator. 


The 


boulder 


effectiveness of the ancie 
and rock bench terraces 
pended on the steepness of the Slope | 
Which the structure was placed and 

the care with which the boulder or roe 
wall was constructed. On slopes of 6 1 
8 per cent. there was little retention o! 
soil, but on gentle slopes, under 3 to 4 
per cent., terraces of this class have effe 
tively held soils of stable structure unt 

the wall was broached by floods. 

The use of land receiving local run-of 
in present-day Pueblo agriculture can bi 
seen in the bean fields adjacent to thi 
Hopi mesas or the corn fields at Nutria 
on the Zuni reservation, which are sup 
plied with additional water from sur 
rounding hill slopes. 

A second group of conservation instal 
lations which can still be identified, bot! 
in the northern and southern portions 
of the Pueblo country, were the villag 
check dam plots, placed in the upper 
part of any convenient watercourse 
where the erade was not too steep and 
the stream flow relatively gentle. fh 
most Mesa Verde, 
these check dam gardens were on a slop 
of 4 to 6 per cent., so that the resulting 
plot had a moderate grade of 13 
per cent. When first installed 
plots were probably effective devices f 


ceases, other than at 


THese 


as 


conserve soil and water as the soil 
of moderate depth and surplus w 
filled the zone after each rail 
which produced There was 
however, some washing away of the s 


root 


run-off. 


ing surface soil so the greater pal 
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these installations could not be classed 


as a method of stabilizing a 
agriculture. At 
plot 
development which we 
A definite type 
recognized, with the 
tied in 


permanent 
Mesa Verde, 
had the best 


CLISCON ered 


system of 
this type of garden 
have 
of construction 
the 
checks carefully to the sides of 
the the itself 
built up to a sufficient height so that a 
level The 


these how 


so far. 
can be ends of 


stream channel and dam 
portions ot 
the 


excel 


plot resulted. 


plots which remain at 
the 


lent small gardens were formed, 


sides of streams indicate that 
with an 
adequate depth of soil for corn, beans 


While the kept 


In repair the Mesa Verde type of garden 


or squash, dams were 


check may be classed as a splendid instal- 
lation well designed to conserve soil and 
utilize storm run-off for crop production. 

third type of conservation practice 
was the use of flood water distributing 
ditches to bring flash stream flow or sur- 
onto corn land or garden 


face run-off 


patches. This conservation measure had 


Wma” 


‘e. 
ASS. nes 


BOULDER 


UPPER PART OF A LARGE TERRACED SITE ON 


SCIENTIFIC 


TERRACES OF 
THE 
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its ereatest development in tl 
spread ditch system of the Salt 


Valley, 


previously. 


which one of us! has d 
These 
scribed as a system of irrigatine 
Krom all the evidence of the 
of impounded flood water for cro 
duction in the Southwest, it 

probable that the } Vall 


Salt 
tem was a well-oreanized method 


ditehes are of 


genel 


River 


tributing and spreading flood flo 

The Mesa Verde 
the only we have 
far of this method of 
the northern Pueblo country. 


flood water dit 
instance discover 
handling wat 
The 
trapped a large flow of run-off, bot! 
the 
ately 


eround im 
Along the 
field 
and recognizable areas of probable 
land. 
slowing’ 


uplands and from 


adjacent to it. 
smal] 


there are remains of 


These 
up 
pounded soll and increased the penet 


sion onto corn aece 


methods of run-off 


tion of water, 


supply of moisture for plant gro 


SMALL ROCK 


WALHALLA PLATEAU, GRAND CANYON 





thereby retaining a grea 


PUEBLO SOIL AND 


relatively flat channel of this 
vyoests that it 
to corn in the same manner that 


may have been 

food waterways in modern Hopi 
‘corn fields are still treated. 

urth method of conservation of 
as the use of springs or small, 
eams for the irrigation of village 
plots. The Tohalena 

Navajo Mountain, were an example 


Gardens, 


varden area, which was supplied 
vater, partly by run-off from the 
to the northeast and partly by flow 
live spring. The 
How were conserved by throwing 


rainfall and 
anks to surround the plots which 
frequently built 
ces. Gardens of this type, which 
been cultivated intensively by the 


up on step-like 


diteh 


‘is since early days, can be seen at 
tevilla and Wipo Sprines, and on a 
ler scale wherever continuous flow 


lin er- 


SSO) 


vater was available adjacent to the 
opi villages. 


The fifth and most important practice 


VIEW OF 
NEAR ONE OF THE 


VILLAGE SITES ON 


WATER ECONOMY 


the flood Water 


fields where the principal corn crops of 


consisted in cropping 


the villages were produced, 


By the use 


of temporary brush and soil dams, occa 
sionally reinforced with rock, water from 
flash floods was diverted from its normal 
channel across adjacent fields where it 
could be Impounded and absorbed into 
the soil. Strangely enough, even though 
these traets were the largest areas of the 
land that 
often the most difficult primitive sites to 


crop was planted, they are 


recognize at the present day. This is 


relatively small amount. ot 
used in the 


deflected the water 


because a 


rock was water-spreading 


dams which UCLOSS 
the corn land 

A typical flood plain field was almost 
level fall of about J 
cent. so that it was easy to distribute the 
the 


the 


with a sheht per 
Cushing 
detailed 
Frank H. Cushing, ‘‘Zuni Breadstuff,’’ 
New Yu Muse \m rican 


Heve Foundation, 


entire area. 


first to 


Water over 


Was one ot make 


rk Indian, 


THE NORTH RIM OF THE GRAND CANYON 


THE WALHALLA P 
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PLAN OF ZUNI CORNFIELD 


IN ISS4, 


PIG. 4. 


AFTER CUSHING. 


studies of flood water irrigation by 
Pueblo methods. In his 
Zuni as a 


1880-85 he interested himself in all the 


residence at 
member of the tribe from 
agricultural operations, as well as in the 
ceremonial life of the tribe. The man- 
ner in which a Zuni cultivator handled 
the flood field in 1884 


is shown in Fie. 4. A dam of 


water flow on a 
earth 
and brush was placed across the stream 
at the top of the field at A. This de- 
flected the water over to the secondary 
spreader B, and as the water swept 
B. the earth 


then 


round dikes were eut 


through and closed to retain im- 


pounded water. An additional dam at 
C again kept the water from = flowine 
down the main channel and helped to 
turn it field. 
Cushing notes that it was frequently pos- 


over the balance of the 
sible to reelaim a sandy flood plain for 
agricultural use by turning silty flows 
out over the sandy land for a season or 


two until the water-holding cay 
the sandy soil had been improve: 
Essentially the same process 
irrigation can be seen On Man 
Zuni 
study was made of the methods { 
on all the Zuni land 
season of 1940, through the cooy. 
of Melvin Helander, Zuni agent 
The manner ot 


fields now in use and a 


corn dur 


Indian Service. 
line the corn land was discussed 

number of the older Zuni, who we 
agreed that the practice of flood 

tion traced back to their ancestors 
change which has oe 
been the 


plowing, which is now causing 


principal 
recently has Introduet 
cations in the early plantine tec! 
described by one of us! previously. 0 
of the larger fields examined in 1940 ha 
a series of four dams across the sti 
channel to spread the flood water ov: 
the field. 
dams was to keep the stream bed on t 
prevent 


The secondary effect of 


same level as the field and 
development of gullies. By this metho 
of treatment the stream channel did not 
always Sta\ in one place, so the entire 
field, including the stream, was plante 
A heavy flood flow might 


alter the course of the main channel ; 


in its entirety. 


wash out a strip of corn, but the loss 
was no greater than if the strip of land 
alone the main stream bed had been left 
free from a crop. Planting corn in tl 
stream also has aided in reducing 
turbulence of the flood flow and was 01 
of the few instances where we have se 
the corn plant used as an accessory vege- 
tative aid in the control of small fi 
flows. 

The discussions with Zani eultivat 
brought out several of the risks to wl 
flood-water farming is subject. At t 
an excessive amount of sand maj 
deposited in, and adjacent to, the st 
channel so that a part of the land 


not retain water sufficiently to earr 


crop through periods of drouth 





PUEBLO SOIL AND WATER ECONOMY 1Bo 


rmants claimed, however, that The fact that the evidences of the early 
tion may be corrected by later use of land for flood-water fields is now 
the season, but sometimes con often difficult to deteet makes us ureve 
til more silt is deposited in the — that archeologists workine in the Sout! 

rvear. An exceptionally heavy — west devote more attention to reporting 


y occasionally washes out por- such information. Certainly a solution 


the planted crop, but the philo- — of the manner in which the primitive 


mment was made that the rest peoples of the Pueblo eountry lived and 


ld would probably vield enough adapted themselves to their environment 
up for this loss. because of the should be of interest to all SCTe@NTISTS 
supply of water received. The working in this portion of the country, 
ig which they felt permanently and warrants a united attaek by both 
a flood-water field was deep — agriculturists and archeologists. In the 
ng or gullving of the stream ease of some sites. as of Chaco Canvon. 
. Which would make it impossible — the very location of the corn fields whiel 
water out on the land. Such would have supported the large com 
must be checked by preventive munities residing there has been a matter 
as soon as it began. Reagan’ has — of question. Several reports quoted. by 
ted his belief in the importance of — F[odee'™ have suevested that one or more 
ling in of valley flood-water fields primitive ditches were used to take water 
Pueblo country as a preventive of — from the canvon and irrigate fields at 
s erosion and gullving. +. W. Hodge. ‘‘ Handbook 
ert B. Reagan, ‘‘Stream Aggradation Indians North of 
Irrigation,’’ Pan-Am. Geologist, Vol. Amer. Ethnology, 


pp. 330-344, 1924. L907-1910. Seetio 


STREAM CHECK DAM, BELOW RAINBOW LODGE, NAVAJO MOUNTAIN 
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PRIMITIVE BOULDER 


ABOUT TWO MILES FROM 


the main 


some 


from 
been 


some distance villages. 
There ot 


opinion, however, whether these ditches 


has difference 
deseribed may not have been constructed 
by the Navajo during the early period 
of their residence in the country. 
Through the cooperation of the Soil 
Office at Albu- 
examination the entire 
to Chaco Canyon 
made from the air. No signs of a large 


Conservation Service 


querque, an of 


area adjacent was 
svstem of diversion ditehes, which would 
have watered corn land sufficient for the 
be detected. On 
the other hand, the aerial study of Chaco 
the 
Wash suggested that these two streams 


Chaco villages, could 


Canyon and adjacent Eseabada 
had adequate areas of land suitable for 
fields the 


The main gully run- 


flood-water corn in canyon 


beds, themselves. 
ning down Chaco Canyon has every ap- 
pearance of being a channel cut in recent 
Were this channel not 


vears. present, 


THE SCIENTIF 


FIELD CHECK 


IC MONTHLY 


AT TOHALENA 
NAVAJO MOUNTAIN. 


GARDENS 


the stream flow could be spread in mal 
places to form an excellent system 
fields. When 


through Chaco Canyon in 1849 


corn Simpson!’ pass 
scribed conditions there in some 
and stated that the stream near his 
not far from Pueblo Wejiji had a 
of 8 feet and a depth of 13 feet and tl 
patches of 
located 
mention 


excellent eral 
orass alone the ean 
There of the d 
trenched gully that the stream nov 


occasional 
were 
was no 
pies, which apparently had not beet 
out at the time of Simpson’s visit 

The country surrounding Chaco | 
von is as heavily grazed as the areas 
to Nava] 
It, therefore, seems pro! 


have examined = adjacent 
Mountain. 
that the rapidity of run-off has increas 
in modern times with consequent tr 

James H. Simpson, ‘‘ Report of an | 
tion into the Navajo Country in 1849.”’ 
ports of the Seere tary of War, Senate Ex 
No. 64, Slst Cong., Ist Sess. 
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CORN LAND RECEIVES RUN 


uv of fields which could originally have 
heen used as flood-water corn land. 
Even had there been no increase in the 


‘ate of run-off, the observations made at 
Zuni show that catastrophic gullving of 
land can occur in flood-water fields 


when diversion dams no loneer stabilize 





channel. Henee, disuse alone might 


started the formation of a deep 
arroyo. It appears probable that redue 
in veeetative cover after the time 
of Simpson’s visit has intensified run- 
off and eontributed to the destructive 
process, 
All the ancient conservation installa- 
us that we have examined have under- 
vone moderate to severe soil erosion. 
The period when this erosion took place 
s difficult to determine at the present 
da [f soil washing was oeceurring dur- 
ne the time of early settlement it might 


account for part of the shift in the pre- 


ric population. The Pueblo people 
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ZUNI CORN FIELD AND FARMSTEAD AT NUTRIA 


FROM ADJACENT HILLS. 


had no livestock to reduce vegetative 
cover over a wide extent of surrounding 
country. They did have an appreciable 
need for firewood and timber for support 
of the upper floors of the houses. It is 
difficult to estimate whether wood and 
brush cuttine would have been so com 
plete that erosion might have been ae 
celerated on the slopine village fields 
Our examination of one large terraced 
site on the North Rim of the Grand 
Canyon indicated that erosion might 
have occurred at an early date. This is 
not the case for the region as a whole 

There is, in fact, considerable evidence 
that vegetative cover on at least part of 
the Pueblo country has decreased within 
historic times with a consequent increase 
in the susceptibility of appreciable areas 
to sheet erosion. This is shown in a 
series of reports of official expeditions 
made across portions of the Pueblo coun 
tr\ in the period of 1846-1857. Lieu- 
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tenant Colonel Emory'® accompanied the 
first United States military expedition 
into New Mexico in 1846. After the oe- 
cupation of Sante Fe, Emory was a mem- 
ber of the army which proceeded down 
the lower Rio Grande, and then turned 
across the mountains until the Gila was 
reached and followed to the Colorado. 
At a number of places in his journal he 
deseribed the typical vegetation on the 
lower Rio Grande, which included large 
patches of grama grass. Later, while 
table land 
Gila, he commented on the great abun- 


crossing the enroute to the 


dance of the winter erama e@rass. Occa- 
sional notes were made by Simpson" of 
the supply of grass for teams and stock 
in his report of the survey of the wagon 
route from Fort Smith, Arkansas, to 
Santa Fe, New Mexico, in 1849. Sit- 
evreaves'> made a journey from Zuni to 
the Colorado River in 1852, crossing the 
country below the San Francisco Moun- 
tains. In his report he mentioned the 
excellent grass cover found on the hills 
Whipple’? on 


his railway survey near the 35th parallel 


away from the stream. 
of latitude, crossed the Pueblo country 
in 1853 approximately along the route 
of the present Sante Ke Railroad and 
commented on the thick carpet of grama 
vrass that covered the western hills. 

16 Lt. Col. W. H. Emory, ‘‘ Notes of a Military 
Reconnaissance from Fort Leavenworth in Mis 
(Made in 
with the advanced guard of the Army 
of the West Thirtieth Cong., First Sx ae Ex. 
Doc, No. ‘i. Feb. 9, 1848, pp. 1-61 aie 

James H. Simpson, U. S. 


Report from the Seeretary of War Communieat 


souri to San Diego, California.’’ 


1846-7 


Engineer Dept. 


ing the report and map of the route from Fort 
Smith, Arkansas to Santa Fe, N. M., Washing 
ton, 1850. U.S. 31st Cong., Ist Sess., 
Ex. doc. No. 12, 25 pages, 


Is L., Sitgreaves, 


Senate 
$f maps. 
Report on an Expedition 
down the Zuni and Colorado Rivers, Senate, 32nd 
Doc. No. 59, pp. 1-190, 
with plates, Washington, 1853, 

19 Lt. A. W. Whipple, ‘‘ Report of 


tions for a Railway Route near the Thirty-fifth 


Cong., 2nd Sess., Ex. 
Explora 
Parallel of Latitude from the Mississippi Rive 


to the Pacitie Ocean.’’ Sess., 
Ex. Doe. No. 129, pp. 1-154, 


33rd { ‘ong., Ist 


L854. 
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The most detailed report of v« 
erowth, however, is that made by 


covering his survey of the wae 


from Fort Defiance to the ( 

River in 1857. <As this route . 
tended for the use of emigrants to (; 
fornia he made detailed notes { 


supply of grass and water for sto 
He summarized his 
“You will fi 


wood for cooking. 


observations as follows: 


by my journal that we encamped so 
times without wood and sometimes wit 
out water, but never without abundant 
Recently Lockett?! has followed 
the Beale Trail through the Nava 
country and has shown photographical 


Tass. 


the great chanee which has occurred 


loss of vegetative cover and. resulting 
soil erosion at Beale’s camp sites, except 
at a few locations where grazing has bee 
controlled. 

Probably the most eroded sites ey 
amined by us were those located on t! 
slopes of Navajo Mountain, where t! 
erazing by sheep in late vears has bee 
addition, the 
foot 


eravelly in texture, showing poor resis 


soils at the 


heavy. In 


mountain are largely sandy 
tance to erosion. 
The land at Mesa 


only moderately by eattle prior to 1906 


Verde was erazed 


and is now protected by better vegeta 
tive cover than is found around Naya} 
Mountain. 
of Mesa Verde visited by us are loanis 


The soils on most portions 
loams, which to be less 
than the 
Navajo Mountain area so that a gor 


or silt appear 


erodible looser soils Oo] the 


portion of the surface horizons are st 
in place on the mesa. 

Ina careful review, Bryan?’ exan 
the reeords of early travelers al é} 
plorers in the Southwest in an end 

‘EK. F. Beale, ‘‘Wagon Road from F 
fiance to the Colorado River.’’ House 
Executive Doe. No. 124, 35th § g 
Ist Sess., Washington, 1858, pp. 1-87. 

21 H. C, Lockett, ‘*Along the Beal 
Edueation Div., Office Indian Affairs 
Dept. of Interior, 1939, pp. 1-56. 


22 Kirk Bryan, Science, 62: 338-344, 


sentatives. 
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VIEW OF PUEBLO BONITO AND CHACO CANYON 
WHICH HAS APPARENTLY 


SHOWING THE DEEP STREAM GULLY 


the 
active 


to date the cutting of arrovos in 
Southwest. He that 
euttine of most of these arrovos 
within the last one 


coneluded 
(chan- 
nels) was initiated 
hundred vears. The present period of 
arroyo cutting in the semi-arid South- 
west coincides, then, with the period of 
decline in vegetation, 


Along with other evidence, Brvan’s con- 


the density ot 


clusion gives support to our belief that 
a considerable part of the sheet erosion 
on ancient agricultural sites, now aban- 
doned, has taken place in comparatively 
recent time. 


CONCLUSIONS 


(1) The conservation practices ex- 
amined at four early centers of Pueblo 
culture had excellent value as water con- 
serving devices. Essentially the same 
methods have carried over into present 
day Pueblo agriculture and are in sue- 


cessful use. 


FROM 
DEVELOPED IN 


THE AIR 
HISTORIC TIM 


(2) Boulder bench terraces on slopi g 


land, probably never gave effective con 


trol of soil erosion, but may have had 


some value on areas where vegetative 


cover Was sufficient to reduce the velocity 
of run-off water. Check dam bench ter 
races built so that a level plot of soil was 
conserving 


} 
| 
t 


formed, were excellent soil 
structures so lone as they were repaire 
The flood 


vation fields, on which the major portio 


and maintained. water irr 


of the early corn crops were raised, had 


an important place in conserving ‘soil 
and when handled by the Pueblo met! 
ods of water diversion, effectually pre 
vented gullving. 

(3) The primitive conservation 
tices of the early Pueblo farmers de- 


prac- 


manded constant vigilance to maintall 
them in use and showed that the agricu 
tural economy of this region was cel 

wy 


cately adjusted to the needs of the earl) 
communities. 











SIRENS AND BELS 


By Dr. J. O. PERRINE 


ASSISTANT VICE PRESIDENT, AMERICAN TELEPHONE AND TELEGRAPH COM 
| present war is a technical war. an acoustic environment. From = radio 
Ver efore have the scientist and the loud speakers and public address systems 
expert been called upon in such large in home, theater, stadium and_ school 
mbers to apply their wide array of words and music are pelted at us. We 
ues to the purpose of war. How- — have all become sound-conscious as never 


any new phases there are in this before 


mpared to previous wars, one out- To be sure, sound is a commonplace 

. e difference is the airplane. As phenomenon and likewise a simple phe 
result of the airplane and bombings nomenon. However, from the engineer 

r attacks on military and civilian ing point of view sound seemed to have 

reas, the production of a shrieking, defied measurement technique. Ene 


wline and roaring siren signal became neers, of course, seek to measure, to cali 


problem that could be attacked — brate, to quantitatively evaluate. But 


lorner 


ind solved with technical knowledge. sound waves, intangible and invisible and 
: fragile and impotent as stuff for an engi 
Acoustic ENVIRONMENT neer to work with, did not readily submit 





In days gone by our environment was to quantitative analysis. Even electric 


arvely visual. Since the last war we 


ty lent itself to measurement more 


ES. have been living in a new environment, readily than did sound. 


sloping 
ve ¢On- 
ve had 
retative 
velocity 
ich ter- 
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It 
yortion 
cl, had 
Ey ‘soll 


meth- 








PIG. 1. ELECTRICAL METER FOR MEASURING INTENSITY OF SOUND 
SUREMENTS ARE CALIBRATED IN DECIBELS. A MICROPHONE IS CONNECTED EXTERNALLY 
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THE CHRYSLER 


CONTINI 


PIG. 2. 
WHICH PRODUCES THE LOUDEST OUS 
SOUND AND ELECTRICITY 

Happily, during the last quarter cen- 
tury sound has submitted to engineering 
technique via the development of elec 
trical communication. Sound became 
measurable when translated to electrical 
currents. These fine techniques, con- 
tributing of course in times of peace in 
splendid fashion to the interrelations of 
speech, music, radio and telephony, were 
very promptly applied to the problem of 
noise, if 
This 
In an airplane 
of 


Warning 


making a sound, just sound 
vou will—a very loud sound. Is 
where the siren comes in. 
the 
the 
countryside 
of 1942 


hour, and can now be made loud enoueh 


siren 
the 
Revere 


attack, pantosonic roar a 


best means of 


Sound is the Paul 


became 
It travels swiftly, 770 miles per 


to be heard adequatels at a distanee com- 
parable to that from Old North Church 
to ‘‘the that the 
flood’’ at Coneord. 


rude bridge arched 


ray , ‘ ‘ ’ vryy 
1 |: |: 
4 , 4a 


NOI} 
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Conrtesy of 


VICTORY SIREN 


MECHAN 


>|.’ 
»>Pslulas 


EVER ICAT 


CREATED BY 


SounD Is POWER 


It has already been suggested ft! 


eneineerine circles, sound was 


streperous sort ot phenomenon, J iy 


sure the frequency of vibration of s 
was not difficult, but to measure the 
power, the horse-power or the kil 
of difficult The 
tions of power and steam, COMpLressi 
heht, 
tors, men, horses, the sun, tides, 

They 
sizable, tangible, interrelated and 1 
Watts, 


terms 


sounds was very 


coal, electric motors and 


falls, were well understood. 


intervalued. kilowatts, 


power, were readily ass 


VW 


with the above forms of power b 


measure sound waves in terms of 
and horse-power eluded the grasp 
instruments of the physicist and the 
neer. One knew sounds were mat 
tions of power, but just how much 
Was a question hot so easy TO alis' 


the field of 


tractol 


in horses and 











) ea 


OURUS 








boilers and hydraulic dams. To find the 
loudness of sounds apart from the human 


ear, to compare sounds objectively, was 
not a straightforward task. Lord Ray- 


leivdh developed the so-called Rayleigh 
dise for this purpose, but it was a fickle 
and whimsical piece of apparatus. Pri- 
marily, of course, the difficulty centered 
around the fact that the power, the watts, 
the horse-power or any other name 
equally horrendous and technical to the 
layman, was so small, so tiny, so micro- 
scopic, or rather micro-acoustic and even 
micro-micro-acoustie. 


HorsE-POWER AND KILOWATTS 


A horse can, by a system of pulleys, 
lift a weight of 625 pounds, vertically 
upwards at the rate of six miles per hour. 
Such performance in 1775 was the basis 
of determining and establishing the mag- 
nitude of a horse-power by testing the 
horses drawing the wagons of the Not- 
tingham, England, Brewery. That 
power was something one could under- 
stand; it was sizable, it was something 
to see, to sense, to appreciate. A 4,000- 
HP locomotive supplying power to pull a 
passenger train speeding through the 
night at 60 miles an hour must provide 
at all times a force of 25,000 lbs. A 
1,000-HP motor can drive an airplane 
through the clouds at a speed of 200 miles 
per hour. All the time the propellers 
and their wind blasts have to push or 
pull with a foree of 1,950 pounds. But 
a sound wave, intangible, invisible and 
evanescent, what is its power, its horse- 
power (perhaps ‘‘butterfly’’ or ‘‘aspen 
leaf power’’ would be a better term) ? 
What is its thrust, its impinging force, 
its pressure ? 

So to make super-sirens in a war in 
1942, one needed to know a lot of tech- 
nique about loudness of sounds, rather to 
know about the power of sounds. Like- 
Wise one needed to know a great deal 
about the sensitivity, the acuity of the 
human ear. <A great array of acoustic 
techniques have been accumulating dur- 
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ing the last quarter century. Aristotle, 
Pythagoras and Galileo blazed trails long 
ago. Saveur, Helmholtz, Rayleigh, Bar- 
ton, Miller, Webster, Crandall and Sa- 
bine continued to blaze trails. To-day 
the trails are widened and deepened. 
They have been blasted by the zealous 
research of another Sabine, of Knudsen, 
Stewart, Wegel, Watson, Frederick, 
Dudley, Wente, Steinberg, Lane and 
Fletcher. 

To exert power, as engineers use the 
term, is to do something at a certain 
speed. The unit is the horse-power. A 
strong and powerful horse was found 
capable, as previously mentioned, of pull- 
ing with a force of 625 pounds at the rate 
of a brisk walk, six miles per hour. Just 
as surveyors measure distance in miles, 
rods and feet, so engineers measure 
power in horse-power and watts and kilo- 
watts. A kilowatt is a thousand watts 
and a kilowatt is 1.34 horse-power. One 
watt is .00134 horse-power. In school 
days the 5,280 and 163 used to make 
bothersome problems in arithmetic. The 
1.34 number sometimes does the same in 
the arithmetie of engineering. 


MoutH AND Ears 


The most common sound is speech. 
How much power in human speech? The 
sound waves coming out of one’s mouth, 
talking in an average way, embody 
power; they are carrying an effect, the 
eapability of affecting the human ear- 
drum. They bear power. It is a sur- 
prisingly small parcel of power; it is 
.000,000134 horse-power, or .00001 watt. 
This is quite below comprehension as a 
discrete amount of power. To say that 
the combined power of ordinary speech 
from the mouths of 5,000,000 people is 
equivalent to the power of a 50-watt in- 
candescent light might give a vague 
notion as to how small it is. The finest 
technique of the alliance of electricity 
and sound was necessary to determine 


this value. In passing it is of particular 
interest to mention again that the mea- 
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surement of sound intensity has been ac- 
complished via the route of electrical 
Microphones, amplifiers 
and thermophones have been the general 


measurement. 


instrumentalities. 

If one shouts, the power of the sound is 
increased 100 times, namely, .001 watt 
or .0000134 horse-power. A mighty 
basso singing a mighty fortissimo may, 
for a short time, radiate a note of one 
watt (.00134 HP). A loud speaker at 
the stadium may be radiating a speech to 
50,000 people, but the power of the sound 
is small, perhaps 10 watts (.13 HP). 

The human ear is a sensitive and an 
acute sound detector. But just how tiny, 
how micro-micro-acoustie a sound ean the 
ear hear? Again that was not an easy 
value to find, and of course varies with 
age and with people and with pitch of 
sound. On the average, however, mod- 
ern technique has determined the value 
as .000,000,000,000,0001 watt (decimal 
point 15 ciphers one watt), 7.e., .000,000,- 
000,000,000001 horse-power (decimal 
point 17 ciphers one horse-power). This 
value of sound intensity then becomes 
the value of the audible threshold of 
the human ear. It can be established 
as a sort of bench mark, a sort of sea level 
Pike’s Peak is 14,110 

So sounds in their 
intensity are nowadays compared to that 


of sound intensity. 
feet above sea level. 


minimum intensity which human ears 
can, on the average, hear, as the sea level 
of audition. In fact the term ‘‘level’’ 
is a good one. talked 
about very appropriately in their inten- 


Sounds can be 


sities as being at such and such a level. 
The zero level, the arbitrary comparison 
level, is that minimum sound intensity 
which the human ear can just hear. 


RANGE OF SPEECH AND HEARING 
INTENSITIES 
Human beings can whisper and give 
out one ten-thousandth as much power 
(.000,000,00001 horse-power) and they 
ean shout 100 times as loud as average 
speech (.00001 horse-power), a ratio of 
one million (1,000,000). That is, human 
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beings can speak in sounds 
1,000,000-fold in power. 

In the realm of hearing, if sounds hea, 
power of .001 watt (.000,001 HP), the 
ear is hurt by such a relatively Jaro 
amount. This value of sound intensity 
might be called the threshold of pa : 
But it-is in the range of sounds which 4 
human ear can hear that it is such a 
remarkable device. Sounds varying te: 
million-million fold are sensed by t! 
human ear without discomfort. The te: 
million-million fold is the ratio of .00] 
watt which produces 


varying 


pain to the 
.000,000,000,000,0001 watt which the ear 
can just hear. Great j 
fortissimos and pianissimos. These vary 
20,000,000-fold in horse-power or watts 
The aggregate power of their majestic 
music is but 75 watts, the power of : 
medium-sized ineandeseent electric light 
The mouth and the ear are acoustic sys- 
tems of our human bodies. They are 
both small power systems, as compared 
to walking, Jumping and running. Yet 
the small amount of power in the normal 
speaking voice is, after all, many, many 


orchestras play 


times more intense than is necessary for 
reception by the human ear. If t! 
power embodied in the words of ordinary 
conversation could be parceled out 
tiny bits just intense enough for a human 
ear to register, 100,000,000,000 could be 
made to hear. This is of course about 
25 times more people than there are on 
the earth. An ordinary postage stamp 
is not a very ponderous object. If one 
had the time and inclination to cut a 
stamp into 50,000 bits and these bits 
could be dropped on the eardrum fron 
about an inch above at the rate of 1,000 
pieces a second, the ear would hear tli 
liJliputian machine gun rat-a-tat-tat. 


SounD INTENSITY MEASUREMENT 


The subject of this homily is ‘‘Sirens 
and Bels.’’? The reader quickly glancing 
at the title probably thought the printer 
had made a mistake, that it should be 
**Sirens and Bells’’ or perhaps even 
‘‘Sirens and Belles.’? No, the word is 
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hels’’? because the bel is the term 
to be sure, in honor of Alex- 


named, 


der Graham Bell) by which acoustical 
eneineers measure the relative sound 
‘ntensity of sirens, music and speech. 


MouNTAIN LEVELS AND SOUND LEVELS 


The super-siren developed by the Bell 
Telephone Laboratories and designed 
and built by the Chrysler Corporation 
has elicited much interest lately. This 
discussion has been presented to help 
repare the mind of the lay reader and 
the non-physicist not only to understand 
a bit about the Chrysler-Bell siren but 


also to appreciate the enormity of the 
sound it emits. 

Mountains to be called mountains per- 
haps have to be at least 1,000 feet above 
sea level. But as mountains go, they do 
not vary a great deal relatively. Some 
Allezhany mountains are 4,000 feet and 
Mt. Katahdin in Maine is 5,200 feet. 
Mount Washington in New Hampshire 
is 6,300 feet. Among the Rockies there 
are some peaks 14,000 feet above sea level. 
Mt. McKinley is 20,000 feet and Everest 
29.150 feet. So the highest mountain is 
only 29 times higher than the lowest 
mountain. Twenty-nine (29) is not a 
big number to say, and it is not a great 
number in numerical magnitude. The 
heights of mountains do not vary many 
fold, and therefore large numbers are 
not required to compare their altitudes. 

But the levels of sounds which the ear 
can hear vary many, many-fold among 
themselves in the first place, and are 
individually a great many-fold greater 
compared to the audible threshold in the 
second place. Human ears ean hear 
sounds varying in intensity ten million- 
million-fold. A shout is 1,000,000 times as 
intense as a whisper. A great orchestra 
radiates musie rising and falling 20,000,- 
000-fold. A thunderclap is heard by 
50,000,000 people. Whenever sounds 
are talked about and compared, the num- 
bers get awfully big. So the sound engi- 
neers (unlike the astronomers) not want- 
ing to use such big numbers and scare 


D 
1) 
I 


themselves and perhaps the public, too, 
therefore said, after considerable deliber 
ation: We won’t use actual numerical 
values when we compare intensity of 
sound to the minimum level of ears, 
namely,  .000,000,000,000,0001 —_— watt 
watts per square centimeter, to be com- 
pletely explicit. We will do a bit of 
maneuvering and take a short cut. In- 
stead of using the actual number we will 
use the number of decimal places in the 
number, if the number is less than 1, or 
the number of ciphers if the number is 
greater than 1. The number of decimal 
places and the number of ciphers will 
always be the same. One one-hundredth 
(.01) has two decimal places and one 
hundred (100) has two ciphers. So a watt 
of sound intensity would be an enor- 
mous number of times greater than the 
audible threshold detectable by the ear, 
.000,000,000.000,0001 watt. This number 
has 16 decimal places. One watt of 
sound would be 10,000,000,000,000,000 
times as great. This number has 16 
ciphers. 


RATIOS AND SuPER-RATIOS AND BELS 


Engineers, particularly acoustic and 
communication engineers, must have a 
general heritage of Scotch ancestry. So 
in this ease to conserve words, breath and 
pencil, they discuss matters with their 
colleagues in terse fashion by agreeing 
that, instead of a lot of decimal places 
and a lot of ciphers, they will merely give 
the number of the decimal places or the 
number of ciphers and call them ‘‘bels.”’ 
In the case cited they would say 16 bels. 
In the case of man shouting 100 times as 
loud as normal speech they would say 2 
bels. If one sound intensity is 1,000,000 
times as great as another he would say 6 
bels. Such a procedure is very sensible 
as well as Scotch. It shortens conversa- 
tion and it expedites exchange of ideas. 
In no wise does it inject a difficult-to- 
understand idea into the picture. 

Sound intensity and other things, too, 
for that matter, are said to vary so many 
bels. ‘‘Other things’’ might be intensity 
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priate. 


centage is sufficient to talk about them. 

Furthermore, if one has a lot of sounds 
whose power is expressed in bels above 
the level of the threshold, their compari- 
son among the individual sound intensi- 
ties is readily and simply arrived at. 
One siren has a sound whose intensity is 
14 bels, a second 12 bels. Then the first 
is merely 2 bels louder. Now of course 2 
bels greater means 2 ciphers, so if one 
wants to know more about the sounds, 
the first is 100-fold more intense than the 
first. But the engineer says that 100 is 
too big a number to think about. He 
suggests 2 bels. He has only subtracted 
12 from 14 to get 2, which in turn means 
2 ciphers, which means 100. 


3ELS AND DECIBELS 


One other point by way of exposition 
and then the sound intensity of the Bell- 
Chrysler siren will be readily under- 


stood. The engineer for various reasons 
decided the bel was even too great a 
unit, since 10-fold is 1 bel. Sounds 


which varied as much as a bel, namely, 
one cipher, was too big a variation—a 


1000 per cent. variation in ordinary 
language. As feet are divided into 


inches which are 1/12th as long, bels are 
divided into decibels which are 1/10th 
as big. One might object and point out 
that ‘‘decibel’’ is a longer word than 
‘“bel’’ but that is not too much extrava- 
gance in ink. A siren which emits a 
sound intensity of 10 bels emits a sound 
of 100 decibels. If sounds vary as much 
as .1 bel, about 29 per cent. in actual 
value, the ratio is 1 decibel. So as a 
means of convenience, of terse conver- 
sation, of ready comparison, the acoustic 
engineer through fine measurement tech- 


of radio signals, electric current and the 
relative distances of planets and stars. 
These vary a great many-fold, hence the 
use of the term ‘‘bel’’ would be appro- 
The variation of wages, speed of 
trains, heights of mountains and many 
other items in the welter of everyday life 
is generally small, so old-fashioned per- 
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nique discusses loudness of sounds pe. 
ferred to the threshold value of humay 
ears as sea or zero level. He always 
knows that the zero level, the reference 
level of sound intensity, actually em. 
bodies 10°** watts. To find the power 0; 
other sounds is then a matter of simple 
arithmetic. Long rows of ciphers and 
decimal points are avoided. They are. 
however, cleverly indicated by the nun. 
ber of bels. 


CHRYSLER-BELL SIREN 

With war and the airplane attack. 
therefore, came the problem of very loud 
sounds, of sirens and super-sirens. The 
problem could not be approached in 
casual, hit-and-miss, ‘‘haywire’’ manner, 
Guns, planes, ships and tanks require 
great engineering skill and techniques 
Here, too, the approach had to be tech- 
nical and scientific. Accurate mechani- 
eal design, compressed air, horse-power, 
watts, bels and decibels had to be care- 
fully considered and acoustie¢ acuity of 
human ears had to be known about to 
achieve real results. 

The Chrysler-Bell super-sirens, one of 
which is atop the R.C.A. building in New 
York, have been generally accepted as 
being highly successful. The acoustical 
engineering figures about it, which might 
appear overwhelming and super-techni- 
cal, are really very straightforward. The 
siren is entirely a mechanical contrivance, 
powered by a 140-horse-power gasoline 
engine, and uses compressed air. In no 
wise is it electrical. For many years in 
acoustical science, sirens, organ pipes, 
whistles and tuning forks have been the 
general means of producing artificial 
sounds. In recent years telephone re- 
ceivers and loud speakers driven by 
vacuum tube oscillators have become the 
vogue. Always the siren has employed 
a perforated rotating disk through which 
puffs of air or steam escaped to produce 
sound. The Chrysler-Bell Victory Siren 
employs a 30-inch rotating plate with six 
holes which chop, of course simultane- 


ds re- 
juman 
ways 
rence 
y em. 
ver of 
imple 
> and 
” are, 
nun- 


tack, 
loud 


The 


iner, 
yuire 
jues. 
tech- 
lani- 
wer, 
are- 
vy of 


t to 


e of 
New 
| as 
leal 
eht 
ini- 
he 
1€e, 
ine 
no 
in 
es, 
the 
jal 


SIRENS AND BELS 151 


ously, the blasts of air from six throats, 
oath about two inches square. A total 
of 2.500 cubie feet of air per minute at 
a pressure of 9 pounds per square inch 
is driven out of the six throats. The 
‘“chopper’’ rotates at 4,400 revolutions 
per minute. The pitch of the sound is 
440 vibrations per second. 

It is appropriate to observe that al- 
though the siren is a mechanical device 
and sound waves are mechanical waves, 
all the techniques of measurement to 
determine whether the raucous sound 
produced by the Chrysler-Bell siren is 
effective are electrical. (See Fig. 1.) 
A Super STENTORIAN SHOUT 


The mythological Stentor had ‘‘a ery 
as loud as the ery of fifty other men.”’ 
The Vietory Siren has a ‘‘ery’’ equal in 
power to 4,000 million ordinary men or 
eighty million Stentors. These amazing 
comparative numbers” result from 
straightforward considerations. 

The sound power out of people’s 
mouths is .00001 watt (10°° watt). The 
aggregate sound power out of a giant 
loud speaker at a stadium might be 10 
watts. The loud speaker aboard a boat 
which directed traffic at the international 
yacht races at Newport in 1934 emitted 
500 watts (.67 HP) of aggregate sound 
power in the form of highly intelligible 
speech. This was one of the largest loud 
speakers that ever had been built. 

The Chrysler-Bell siren’s power in the 
form of a raucous sound is 42.2 kilowatts 
(96.5 HP). This siren then produces 
probably the most sound power ever arti- 
ficially and continuously generated. Its 
sound is more intense than a thunderclap 
and various other extra-loud sounds. 
Close to the siren, the sound is not only 
powerful but dangerous, too. (Fig. 2.) 

It is to be noted that the ‘‘total sound 
power’? radiated by the Chrysler-Bell 
siren is 42.2 kilowatts. Of course such 
an enormous amount of sound does not 
come from a tiny aperture. Sound never 
comes from the theoretical point source. 


Actually the equivalent aperture of the 
super-siren is a circle 28 inches in diame- 
ter. Out of the big aperture all the 42.2 
kilowatts of sound ean be thought of as 
pouring. 

As has been said, sound waves, light 
waves, radio waves and heat waves em- 
body and earry power. Out of the 
equivalent 28-inch circular aperture of 
the super-siren comes 42.2 kilowatts of 
power. The midday July sun sends to 
the earth heat waves which are very 
warm. Actually the sun’s radiation on 
an area of the earth’s surface equal to 
the siren’s aperture is only 1% kilowatt 
of heat wave power. The total power of 
the siren’s sound radiation from the en- 
tire aperture is 42.2 kilowatts, and from 
a small area a bit larger than an aspirin 
tablet the intensity of sound radiation 
turns out to be 10 watts. So the caleu- 
lation of the intensity of the sound com- 
pared to the threshold (10°'° watts) is 
very simple and straightforward. Ten 
watts equals 10' watts. 10! watts divided 
by 10° watts equals 10'*. This is then 
a ratio of intensities of 17 bels and of 
course 170 decibels. Of course this 
means that the intensity of sound from 
the super-siren is almost a million times 
a million times a million greater than 
that perceptible by the human ear. If 
it were 18 bels (180 decibels) instead of 
17 bels (170 decibels), it would be the 
million times a million times a million 
CP x 16° x 16 = 10""). 

With testing apparatus such as is 
shown in Fig. 1, it was found that at a 
distance of one mile the siren produced 
a sound of 100 decibel level, or 10 bels 
or one with 10 ciphers following greater 
than the threshold of audibility. Caleu- 
lations indicate the sound level at 20 
miles would be 60 decibels (6. bels) 
equivalent to that of ordinary conversa- 
tion. At 75 miles, calculations reveal 
that the level would be about that of the 
threshold, in other words, just audible. 

The sound intensity of the super 


siren is 4 bels (40 decibels) or 10,000 
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times greater than the threshold of 
pain. It is the most intense sound 
ever continuously produced by the tech- 
niques, the accurate knowledge and the 
manufacturing skill of man. Its only 
rival in intensity was the explosion of 
the voleano Krakatoa in the East Indian 
Ocean in 1883. It is recorded that the 
sound of that explosion was heard 3,000 
miles away. It must have been many 
louder than the Chrysler-Bell 
siren, since it is estimated that the siren 
could be heard, under favorable condi- 
tions, only 75 miles. 


times 


INTENSITY AND TOTALITY 


Perhaps the reader has observed the 
repeated use of the phrase ‘‘sound inten- 
sity.’’ To be accurate and explicit, in 
the discussion of sirens and sounds the 
engineer this phrase 
‘*Bels’’ and ‘‘decibels”’ 
compare sounds—the total power of 
sounds—but rather the intensity of 
sounds. Of course the siren must send 
out a great deal of sound, but, more im- 


uses advisedly. 


are used not to 


portant, it must emit a very intense 
sound. As observed in the chart of 
‘Sound Intensities’? ordinary speech 


directly into the ear is more intense than 
a lion’s roar at a distance of 18 feet. Of 
the lion’s embodies more 
sound than does speech, but the ear has 
no way of knowing how much sound is 
about; the ear can only give notice of 
how intense a sound is. Of course if the 
head is turned in a lot of directions and 
the ear hears considerable intensity at 


eourse roar 


many angles, then of course one knows 
there is a lot of sound. It is therefore 
not completely correct to say, the Chrys- 
ler-Bell siren produces 17 bels (170 deci- 
bels) of sound. It does produce 56 horse- 
power of sound, but this amount of sound 
spreads out over a great area. Of course 
a siren must produce a great deal of 
sound, but likewise it must produce a 
very intense sound. It is more correct 
to say that the sound intensity of the 
siren is 17 bels. 
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In the days of the elevated in Noy 
York, not only was there a great dea] 
noise at 34th Street and Broadway, | 
also there was a deafening intensit; 


sound. 


At a baseball game in the Yank 


Stadium there is at all times a great tot 
ity of sound, but not a great intensity 
sound. This totality would not be mea 
All about us during t 
day, there is a lot of light—a really ver 
large amount of light—but the intensity 


sured in bels. 


of daylight does not blind us, 


eXcent 


when we look directly at the sun. <A 
great modern searchlight pierces the sky 
at night with a brilliant, intense bea 
but does not light up the landscape. 
pantoscopic moonlight is not intense | 
does flood the entire country-side wit! 
totality of light sufficient for reasonal 


good vision. 


The pantosonority of a sound source is 
expressed in horsepower or kilowatts 
The ratio of the intensity of sound pro- 
duced at a given place, as compared t 
the minimum intensity perceptible by t! 
human ear, is measured in bels and «: 


bels. 


As shown in the chart, intensity 


sound is completely specified in abso! 
—not relative—terms, by knowing 


power 
square 


per 


unit 
centimeter. 


area 


the watts per 
Horsepower _ per 





square inch would be another way 


express 


it. Intensity is appraised 


human ears and electrical ears (micro- 


phones). 


Totality is appraised by 


integration of the brain. 

So it can be accurately said that 
Chrysler-Bell siren produces not only 
amazing totality of sound but also an 
amazing intensity of sound. 


MAXIMUM THEORETICAL INTENSITY 
OF PurE ToNnrE 


One might speculate as to the n 
intense sound that theoretically could 
produced, that is, the most intense pure 
tone, a tone such as a good tuning fork 


tone. 


makes it a 


Of course the pressure of the : 
in the sound wave varies. 
sound wave. 


That is what 
The greatest 
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deviation below atmospheric 
would be a vacuum—14.7 pounds per 
square inch less than normal. For a 
pure tone, then, the maximum pressure 
at a particular instant of time in the 
intense sound wave would be just double 
the atmospherie pressure, 29.4 pounds 
per square inch. This theoretical maxi- 
mum intensity of sound would require a 
radiation from the area of an aspirin 
tablet of 1,000 watts instead of the 10 
watts of the super-siren. The sound in- 
tensity would then be 19 bels (190 deci- 
Of course the Krakatoa sound 
was not a pure tone. Its sound power 
must have been hundreds of 


pressure 


bels). 


kilowatts 
and its intensity many bels. The maxi- 
mum pressure in its sound wave must 
have been many, many-fold greater than 
atmospheric pressure. 

The pressure of tiny bits of postage 
against the eardrum was previously used 
to indicate the delicacy of response of the 
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eardrum. Actually, in terms of pounds 
per square inch pressure on the eardrum, 
the value of ear threshold of pressure 
sensitivity is 3.5 x 10°° pounds per square 
inch. 
at the aperture of the super-siren is cal- 


The pressure in the sound waves 


culated to be one pound per square inch. 


Rapio WAVES AND SouND WAVES 
To get 42.2 kilowatts (56.4 HP) into 
the sound waves radiated by the super- 
siren has been a fine achievement of 
mechanical design and compressed air 
technique. 
It is provocative to realize that it 


It was not a simple or easy 
task. 
has been much easier generally to put 
wave energy into the form of electric 
waves, radio waves, and send them out 
from an antenna. The 50,000 watts of 
a broadeasting station appears very big, 
and is the subject for a bit of boasting. 
In fact, 50,000 watts is only 80 horse- 
power, and 80 horse-power auto engines 
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are considered small and exist in great 
numbers. So in the general welter of 
the world’s work 80 horse-power items 
are not big or extraordinarily powerful, 
but in radio engineering 80 horse-power 
transmitters are so regarded. In acous- 
tical engineering, 80 horse-power would 
be a gargantuan value. 

Some transoceanic radio telephone 
transmitters radiate about 75,000 watts 
or 100 The super-siren 
puts a terrific and ear-splitting sound 
into the air with 56 horse-power. An 
everyday environment of sound of 800 
Chrysler-Bell sirens seattered over the 
United States (the number of radio 
broadeasting stations in America) all 
day, would be unbearable. For short 
periods they serve excellently as an air- 
raid warning. Yet we move about com- 
fortably close to radio antennas while 
powerful radio waves are impinging 
upon us. It is fortunate that humans 
have no radio ears, only acoustie ears. 

Calculations indicate that the Chrysler- 
Bell siren can be heard 75 miles. Radio 
telephony across 3,000 miles of ocean is 
an everyday commonplace. Could a 
siren or a loud speaker be made so sono- 
rific that it could be heard across the 
sea? Indeed it would be a terrible noise ! 
The likely answer is ‘‘No.’’ Further- 
more a sound wave would require 4 
hours to go across the ocean. Facile 
conversation would not be possible 
under attendant time delays. Only 
exploding voleanoes are heard 3,000 
miles. Explosions of 12-inch modern 
cannon produce a sound intensity of 230 
decibels (23 bels) at 12 feet; at this dis- 
tance, the sound-wave pressure is about 
500 pounds. They are heard across the 
English Channel, but perhaps 100 miles 
is the maximum range of their sound. 
The radio transmitter goes about its fine 
job with the passerby unaware. Radio 
apparatus and radio waves surely have 
many talents. 

The intensity of the sun’s heat waves 
on the earth’s surface have been men- 


horse-power. 
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tioned and are considerably lower jy 
power content than that embodied in the 
sound waves at the equivalent radiatioy 
aperture of the Chrysler-Bell super-sirey 
It is interesting to ask what is the ip. 
tensity of power in a radio wave neces. 
sary in radio transmission. For good 
reception by a good type of radio re 
ceiver, the radio wave power intensity 
arriving at one’s receiving § antenna 
should be at least 10°° watts. This is 
quite a bit of wave power compared to 
the tininess of sound intensity whicl 
a human ear can hear, namely, 10 
watts. It is 7 bels greater. Figur. 
atively, human ears, then, could be said 
to be 7 bels more sensitive than an elee- 
trical ear, namely, 10’, or 10,000,000-fold 
If very special antenna arrangements 


and very special radio receivers and 


vacuum tube amplifiers are used, as the) 


1 
i} 
} 
} 
il 


are in transoceanic radio telephony, then 
the intensity of power in a radio wav 
In this case, the intensity 
of radio wave power can be as low as 
10-*® watts and good results obtain. This 
10°*° watts is 10°, 1000-fold, or 3 bels 
less than the threshold intensity of the 
human ear. 

Inspection of the chart, Fig. 3, will 
reveal a lot of interesting ideas about 
sounds, speech and music. It 
continually remembered _ that 
waves are an embodiment of power and 
that the power of the sound in a just 
audible sound is the sea level 
parison for other sounds and that other 
sounds are so many, many times louder 


ean be less. 


is to be 


sound 


of com. 


that, for purposes of easy calculation, 
ratios must be talked in terms of 
decimal places and ciphers instead of 
the actual number. These decimal places 
and ciphers gave rise to the simple and 
convenient language of bels and decibels. 
The alliance of acoustical science and 
techniques and mechanical engineering 
design and skill has given notably fin 
results. One thing is sure, the acoustical 
engineer has made the sound wave the 


Paul Revere of World War II. 
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FLIGHT IN THE DARK: A STUDY OF BATS 


By ROBERT GALAMBOS 


THE BIOLOGICAL LABORATORIES, HARVARD UNIVERSITY 


For almost exactly one hundred and 
fifty years an unsolved problem has 
oceupied a special niche in the minds of 
certain men of science. What type of 
sensory pereception—what sense organ— 
informs flying bats of the location of 
obstacles to their flight? In the pitch 
blackness of the caves they inhabit, the 
eves can be of little or no use for detect- 
ing objects; yet the location of ceiling, 
walls, ete., undoubtedly are perceived 
with ease and aeceuraey. The purposes 
of this essay are to cite some of the many 
attempts which have been made to re- 
solve this problem, and to describe the 
experiments by which Dr. Donald R. 
Griffin and I have arrived at what we 
believe to be a simple and adequate ex- 
planation of the phenomenon. 

In 1794, when the study of natural 
phenomena was burgeoning as never 
before, Lazzaro Spallanzani first re- 
corded observations on the flight of bats. 
Having put out its eyes, he freed an 
animal in a closed room. It at once flew 
off and avoided walls, the ceiling, silk 
threads and ‘‘whatever other bodies 
which may have been placed about in an 
effort to embarrass him.’’ Clearly these 
animals were equipped with a non-visual 
mechanism of amazing efficiency for de- 
tecting obstacles, and to the discovery 
of this mechanism Spallanzani directed 
his talent for devising simple yet fruit- 
ful experiments. 

He eliminated, in order, the senses of 
touch, smell, taste and hearing. So far 
as could be observed, none of these treat- 
ments led to a significantly decreased 
ability to avoid, and consequently, he 
proposed that bats may possess a sixth 
Sense whose nature is unknown and un- 
knowable. 


But contrary to what most people be- 
lieve, Spallanzani did not maintain this 
point of view for very long. At his own 
request, the experiments were repeated 
by Louis Jurine, a Swiss entomologist, 
with very different Jurine 
found that bats with plugged ears in- 
variably blundered helplessly into the 
same obstacles which were avoided with 
ease upon removal of the plugs. There- 
fore, according to Jurine, the ears di- 
rected bats—and Spallanzani promptly 
agreed. He happily discarded his theory 
of a sixth sense and accepted Jurine’s 


results. 


explanation without reservation. 
Meanwhile, Georges Cuvier advanced 
and warmly advocated the theory that 
bats possess in their wings an exquisitely 
developed sense of touch which, alone, 
was responsible for informing the flying 
animal of the location of obstacles. This 
hypothesis had received very careful ex- 
perimental consideration from Spallan- 
zani and his colleagues only to be re- 
jected as an impossible explanation. 
Although Cuvier himself recorded no 


experiments in support of his theory, he 
clung to and reiterated the proposition 
Upon reading 


with surprising tenacity. 
any discussion by Cuvier on bats, one 
finds there a spirited refutation of the 
ideas of Spallanzani and Jurine and an 
assertion of the experimentally dis- 
proved touch theory. 

The weight of Cuvier’s authority has 
led scientific men ever since to conclude 
that (1) Spallanzani’s work was hap- 
hazard and uncontrolled, (2) Spallan- 
zani continuously supported the theory 
of a new sense, and (3) the bat detects 
obstacles by a sense of touch. None of 
these conclusions is correct. A complete 
discussion of the first two is the subject 
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of another article;’ a rational explana- pended a row of steel wires. We selecte; 
tion of the method used by flying bats wires with a diameter of one millimete; 
to detect obstacles is the subject of the because this size has been shown to }, 
rest of this essay. about the smallest which bats can ay 

When Donald R. Griffin and I attacked We hoped in this way to make our bar. 
the problem of obstacle avoidance by rier difficult for even a normal bat ; 
bats, we had at hand the results of many maneuver through, and thus to show 
experiments performed since the time of any impairment of ability in the 0, 
Spallanzani. In practically every one of ated bats at once. 
these, only qualitative results were de- A bat set iree in this room would 
scribed. Some impairment of ability to back and forth from one half to the ot} 
avoid was claimed to follow destruction through the barrier of wires. As ¢! 
of any sense organ, although it seemed animal did so, a count was kept of th 
clear that bats were most inexpert when pumber of times it hit and missed ¢) 
their ears were plugged. Since, however, wires. Each hit or miss was considered 
the exact degree of impairment of a a trial. There was rarely any difficulty 
given sense organ had never been stated jn judging these hits ana citenne. 
in quantitative terms, we decided to when the bat struck, even very lightly. 
measure the performance of bats in an _ the observer could usually hear the no 
obstacle situation whose characteristics eaysed by the contact of wine on v 
were known and reproducible, to collect and see the wire obstacle move back ani 
our data in a standard way, and to ana- forth under the impact. 
lyze our results by a rigid statistical test. In order to obtain data legitimate { 

Furthermore, adequate consideration gnalysis bv statistical eaéiteniie. if 
had never been given to the injury inci- necessary in eens 6 large number ot 
dent to elimination of the sense organs.  geryations on each animal. A minim 
Aside from the obvious fact that an in- of fifty passages through the barrier ¥ 
jured animal is not likely to perform as_— found to be convenient and adequate 
well as an uninjured one, drastic opera- this purpose, but whenever possible n 
tions make it impossible to restore the lake alee seneed: Chr weitere 

als perform 

bat to normal in order to retest its per- 
formance. We planned, therefore, to 
render our bats blind, deaf, ete., in a 
strictly reversible manner, and to test 
the animals in the obstacle situation 
while normal, while blind or deaf and 
finally while normal once more. 

The room we selected for the tests is 
a soundproof chamber in the Cruft 
Physies Laboratory at Harvard. Its di- 
mensions are fifteen feet by eleven feet 
by eleven feet high; and the walls, ceil- 
ing and floor are well padded with soft 
sound-absorbing material. In a straight 
row across the center of this room, 
spaced one foot apart and hanging ver- 
tically from ceiling to floor, we sus- 


+ 
1( 


of the animal was then reduced 
score expressed as percentage of hits 
the series of trials; if, for example, | 
bat hit the wires twenty-five times w 
passing through a total of seventy-tfi 
times, its score would be thirty-thre 
eent. A high seore, therefore, indicates 
poor ability to avoid, while a low sco! 
indicates good avoiding ability. 

Most normal bats when set free in 1 
experimental room would fly back 
forth, circling, swooping and dodging as 
if thoroughly at home. When the 
dividual scores were determined, 
ever, it was clear that some animals \ 
much more adept at avoiding collis 

1‘*The Avoidance of Obstacles by Flying than others.? Thus, of 129 Myotis l 
Sats: Spallanzani’s Ideas (1794), and Later 2For complete description of method 
Theories,’’ by R. Galambos. Jsis, 34: 132- results, see D. R. Griffin and R. Galambos, « 
140, 1942, Exp. Zool., 86: 481-506, 1941. 
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‘yous tested, the lowest score (per cent. 
hits) was 7 per cent., the highest 65 per 
ont. and the average 35 per cent. We 
were apparently measuring a highly de- 
veloped skill which reached its fullest 
expression in only a few animals. 

In the next experiments we blinded 
the bats. This was accomplished in a 
painless manner simply by covering the 
eyes with a dark-blue solution of col- 
lodion: when, during the course of a min- 
ute or two the solvent evaporated, it left 
behind a hard layer of collodion through 
which the animal could not see. The 
eollodion layer could be quickly removed 
with a wad of cotton soaked in ether, to 
restore sight to the animal. 

Twenty-eight blind bats collided with 
the wires an average of 24 per cent. of the 
time, as opposed to 30 per cent. when 


completely normal. From these figures 


it is clear that blind bats are as adept in 
avoiding obstacles as normal ones. 
of them, in facet, showed marked im- 


provement after being deprived of their 


Some 


eyesight, a phenomenon which appears to 
demonstrate that under certain condi- 
tions a bat’s eyes are more a hindrance 
than a help. 

Having thus substantially confirmed 
Spallanzani’s original observations, we 
next set about to repeat the experiments 
of Jurine on the ear. To deafen a bat 
we at first used one to two techniques: 

1) the ear flap was turned down and 
sewed to the head; (2) a drop of the 
collodion was placed in the ear and al- 
lowed to harden. Depending on which 
technique was being used, hearing was 
restored by eutting the threads holding 
the ear-flap or by poking a hole in the 
collodion. 

Our deaf bats could not avoid ob- 
The average score of twenty-one 
deaf bats jumped from 28 per cent. when 
normal to 66 per cent. when deaf. But 


Stacles, 


We have determined what score might be 
ted from a bat completely unaware of the 
res, by caleulating the number of times an 


the difference in these scores by no means 
portrays adequately the behavior of a 
deaf bat. The light touch of the finger 
which frightens a normal animal into 
quick, graceful flight has no effect what- 
ever on deaf ones; they must be prodded 
with a stick. They are extremely reluc- 
tant to leave their perch and upon doing 
so flutter slowly and heavily through the 
air until they strike the walls, the wires 
or the experimenter. After the collision 
they continue fluttering helplessly, fall 
to the floor and there begin at once to 
scratch at their ears. The bewilderment 
of the deaf bat is complete. 

All deaf bats recovered as if by magie 
when the use of their ears was restored 
to them, and their scores dropped at once 
to normal. 

Cuvier and others have criticized ex- 
periments such as these on the grounds 
that the poor flight of the deaf animal is 
due to injury accompanying the deafen- 
ing process. We believe this criticism is 
effectively answered by the demonstra- 
tion that deaf bats perform normally 
when their hearing is restored to them, 
but to provide a final answer the follow- 
ing experiments were performed. Small 
glass tubes were fitted tightly into the 
external auditory canal and sewn firmly 
in place. Bats so equipped could hear 
only those sounds which passed down the 
inside of the tube, and by plugging this, 
we could cause deafness without further 


injury. The average score of eight bats, 
with unplugged tubes in their ears, was 
32 per cent. This score is surprisingly 
low, considering the drastic change in 
shape of the auditory passageway caused 
by the glass tube. When the animals 
were made deaf by plugging the tubes 
with cotton threads, their average score 
rose to 67 per cent., and all the symptoms 
previously observed in deaf animals ap- 


inanimate object with the average dimensions 
of a flying bat would strike if thrown at random 


at the barrier. A rea 


sonable estimate i 5 


70 per cent. 
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peared at once. Upon removal of the 
threads, each bat immediately returned 
to its previous level of performance. 
Since throughout these experiments, any 
injury or irritation was constant, we 
were forced to conclude that blocking the 
air passage to the bat’s ear was solely 
responsible for the loss of dexterity in 
avoiding. 

Having arrived at this conclusion, we 
turned to a suggestion advanced in 1920 
by Hartridge. He proposed that the bat 
avoids by emitting sounds which echo 
off from obstacles and return to the ears, 
where these echoes give rise to appropri- 
ate sensations which inform the animal of 
the location of the obstacle. If this 
should be the explanation, we argued, 
then preventing bats from making 
sounds should render them just as help- 
less as plugging their ears. For if both 
sound production and sound reception 
are involved, elimination of either must 
lead to the same result. 

We therefore tested bats which were 
unable to make They were 
rendered mute simply and quickly by 
tying thread around the snout while the 
jaws were closed. To make certain that 
no sounds whatever could issue from the 


sounds. 


mouth, we also coated the space between 
the lips with collodion. Eight bats, per- 
fectly normal except that they could not 
open their mouths, were completely help- 
less when set free to fly. They fluttered 
slowly and cautiously about, turning and 
twisting, but eventually blundered into 
the wall or wires and fell to the floor. 
They were obviously just as inept at 
avoiding obstacles as their deaf brothers 
had been, and their average seore was 
about the same (65 per cent.). When the 
threads around the mouth were cut, they 
at once flew off, swooping and gliding in 
a perfectly normal manner, and avoiding 
the wires with their previous skill. 
Needless to say, these results excited 
us greatly. We were satisfied that the 
animals were uninjured, able to breathe 
adequately, and fully possessed of all 
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faculties except speech. It is commoy 
knowledge that flying bats only rarely 
emit audible sounds, and yet our resy}is 
clearly indicated that they used sound 
to direct themselves. This could mea) 

only one thing: bats in flight emit ay 

direct themselves by sounds which y; 
can not hear. Tests were in order, there. 
fore, to see whether this was so. 

Man perceives, as sound, frequencies 
of air vibration lying between about 
twenty and twenty thousand vibrations 
per second. These limits are apparently 
placed upon the human organism by t! 
mechanical properties of the ear, and 
‘‘sounds’’ with frequencies both abo 
and below the limits of human hearing 
are known to exist. Below twenty cycles 
per second, air vibrations are ‘‘felt” 
rather than heard, and above twent 
thousand eyeles tones are too shrill to be 
audible. By definition, sounds above t! 
upper limit of human hearing are called 
supersonic sounds. They ean be de- 
tected by a variety of methods, the most 
convenient of which uses a thermionic 
amplifier to convert the supersonies int 
sounds we can hear. Professor G. W 
Pierce, at the Cruft Physies Laboratory 
is a specialist in the study of supersonics, 
and it was to him that we turned for th 
apparatus for our next experiment. 

We borrowed from him one of the 
amplifiers which translates supersonic 
into audible sound. We placed it in our 
wire-strung experimental room and liber- 
ated a bat. The machine immediately 
gave out a great chattering clamor whic! 
continued so long as the animal was 1n 
the air. When the bat lighted on the 
wall, the chattering stopped, only to be- 
ein again when the animal took wing. 
We repeated this observation again and 
again with the same striking 
There seemed now little question that 
bats directed themselves through mazes 
of obstacles by using reflections of super- 
sonie eries. 

In order further to implement this ex- 
planation, we made a study of these 


results 
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supersonic eries. We found them to be 
emitted by more than one hundred bats 
of four different species, thus amending 
the earlier statement of Pierce and Grif- 
fn that flying bats do not emit supersonic 
cries. The supersonic cries, furthermore, 
usually appear entirely independently of 
the audible ery and consist of a band of 
sound frequencies in the region of fifty 
thousand eyeles. Each bat, we found, 
has a supersonic voice peculiar to itself 
as regards which frequencies are emitted 
and their relative intensities. The dura- 
tion of each ery is very brief, being less 
than one fiftieth of a second long. Bats 
on the wall, preparing to fly, produce 
fewer than ten eries per second, but when 
in flight and especially when the animals 
approach an obstacle, the cries are 
emitted at astonishingly high rates. 

The most important support for the 
theory that the eries play a part in the 
obstacle-avoiding mechanism comes, how- 
ever, from the fact that just before nor- 
mal bats suecessfully fly past the wires 
an abrupt drop in rate of emission of 
cries takes place. The drop—from about 
fifty to about thirty eries per second— 
is sudden and unmistakable. In cases 
where the bat strikes the wires, this drop 
is rarely observed. And when deaf bats 
fly, the drop in rate never takes place; in 
fact, deaf animals keep up a constant suc- 
cession of eries at a single monotonous 
rate all the time they are in the air. 

The question at onee arose as to the 
source of the supersonic cries. Tying the 
mouth shut renders bats ineapable of 
avoiding obstacles, as we have already 
seen; this is clear evidence that the 
sounds issue from the mouth. To make 
certain of this point we liberated mute 
bats in the room containing the super- 
sonic detector and found the cries to be 
reduced to a very feeble intensity. We 
then demonstrated that the supersonics 
issue only from the mouth by immersing 
all except the head of a normal bat in 
water; the eries were very loud. When 
we immersed only the head, on the other 


hand, no supersonies could be detected 
in spite of the violent struggles of the 
animal. 

The production of supersonic sounds 
by animals is a matter which has received 
practically no study, chiefly because of 
the technical difficulties involved. Cer- 
tain insects have been shown to make 
supersonic sounds, but they appear usu- 
ally to be merely accidental by-products, 
1.€., harmonies, of the audible chirp. Al- 
most nothing is known about high-fre- 
quency sounds in mammalian eries. We 
were naturally interested to discover the 
way in which the bat cries are produced, 
and to this end we consulted the litera- 
ture for anatomical studies on the bat 
larynx. We found, in a paper by Elias,‘ 
a complete description of this organ 
taken from species related to ours. Elias, 
writing over thirty years ago, was 
astounded by the excessive development 
of the larynx in bats. The laryngeal 
cartilages have become almost completely 
ossified, and extremely large muscles are 
attached to the voice box in such a way 
that their contraction must lead to great 
tension on the vocal cords. The vocal 
eords are different from those in most 
mammals, being very short and tough, 
and extremely thin. Elias concluded 
that all the morphological peculiarities of 
the larynx are directed toward increasing 
the pitch of the ery emitted, and that 
from the anatomical point of view there 
is every reason why the bat audible ery 
should be a very shrill squeak. From the 
way he writes, we feel confident that if 
he were told bats actually emit sounds 
of such high pitch as to be inaudible to 
man, he would not be in the least sur- 
prised. 

Let us recapitulate briefly the evidence 
so far advanced for the auditory theory. 
(1) Bats ean not avoid obstacles if deaf 
or if unable to use their mouths. (2) 
Bats give voice to supersonie cries. (3) 
A characteristic change in the rate of 
production of the supersonie cries occurs 

4H. Elias, Morph., Jahrb., 37: 70-119, 1907. 
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when bats avoid obstacles; this change is 
almost always absent when normal bats 
strike the obstacles, and it never occurs 
when deaf bats fly about. These facts 
can be explained by the auditory theory 
alone, but with them its proof is not yet 
complete. For a fully adequate solu- 
tion, evidence is required that bats hear 
sounds which lie in the supersonic range. 
This evidence has been obtained by re- 
cording cochlear potentials from bats in 
a way which will now be described. 

The ear of mammals has three sepa- 
rate chambers, named, in order from the 
outside in, the outer ear, the middle ear 
and the inner ear, The inner ear is more 
commonly known as the cochlea, a spiral 
of thin bone containing extremely com- 
plex structures which actually analyze 
The most important of these 
structures are probably the cells which 
lie on what is called the bacilar mem- 
These cells, called hair cells, are 


sounds.° 


brane. 
set into motion by the sound waves which 
have been conducted to the cochlea from 
the outside air, and in some as yet un- 
known way they initiate the impulses of 
the auditory nerve which, upon arrival 
at the brain, are eventually interpreted 
The hair cells, thus charged 
vibrations 


as sounds. 
with transforming physical 
into the stuff of 
made, form an important link in the 
chain of events which is the concern of 


which sensations are 


the auditory physiologist. 

was found that 
when sounds fall upon the mammalian 
electrical the 
eochlea. These oscillations, called ecoch- 
lear potentials, have been traced to the 
hair cells, and it is now commonly agreed 
that the site of origin of cochlear poten- 
tials is the stimulated hair cell. In order 
to orient the reader to the somewhat com- 
plicated technique of measuring these po- 
tentials, it will be advisable to describe 


Some years ago, it 


ear, oscillations arise in 


5In this discussion I follow the interpreta- 
tions of S. S. Stevens and H. Davis in their 
book ‘‘ Hearing,’’ published in 1988. 
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briefly the standard technique for 
taining and recording them. 

The cochlea of an anesthetized anima 
is exposed and a strand of wire is plac 
against it. Another wire is placed 
contact with indifferent tissue—usual] 
the skin underlying the incision. Thes 
two wires, called electrodes, lead to ; 
amplifier which magnifies potential dif. 
ferences and activates some type of re. 
cording system (loudspeaker, galvanon. 
eter, ete.). Differences in potential ocey 
between the two whenever 
sounds are presented to the ear, and it 
has been found that these 
duplicate the wave-form of the sound 
with a high degree of accuracy. Thus 
one speaks into the ear of the animal, t 


electrodes 


potentia S 


voice is clearly recognized as it issues 
after amplification from the loudspeaker 
The same fidelity of reproduction oceurs 
when pure tones are presented, and t} 
entire phenomenon disappears when t 
eochlea is destroyed, its circulation 
peded, or when the animal dies. 

The relation of the electrical activity of 
the cochlea to hearing is still somewhat 
obseure. The sensation of hearing 
clearly involves many more factors that 
the changes taking place in the auditory 
end-organ, and the question has beet 
raised, therefore, as to whether the met 
demonstration that 
arise when a sound is made is sufficient 
evidence that the animal hears the sou 
Attempts have been made to settle this 
point, and, although they have not led 
universally to the same conclusion, 
may be stated that animals probably d 
perceive only those sounds which caus 
cochlear potentials. The _ best 
ments, for instance, shov that eats : 
dogs respond to sounds up to about 
thirty-five thousand cyeles or so, and 


cochlear potentials 


expe;rl- 


1) 


is possible to record cochlear potentials 


in these forms up to, but not much | 


yond, thirty-five thousand eyeles. Stud 
ies of this sort have never been made on 
bats. 





for ob. 


anima] 
§ Placed 
aced in 
usually 

Thes 
l to an 
ial dif. 
of re. 
vanom- 
1 oceur 
lenever 
and It 
entials 
sounds 
Thus if 
al, the 
issues 
eaker 
occurs 
nd the 
en the 
yn im 


vity ot 
ewhat 
aring 


icient 
ound. 
» this 
t led 
m, it 
ly do 
cause 
‘perl- 
; and 
ibout 
nd 11 
itials 
h be- 
Stuc- 


le on 


A STUDY OF BATS 161 


To measure cochlear potentials in bats, 

sypersonie generator which produces 

re supersonic tones, and a supersonic 
jerovoltmeter eapable of detecting and 
measuring high frequency cochlear po- 
ntials, were put at our disposal by Pro- 
fessor Pierce. We have been able to 
lemonstrate that the bat cochlea pro- 
juces potentials having the same fre- 
quency as the sound wave for sounds up 
at least ninety-eight thousand eycles.® 
apparatus used can not measure po- 
entials of higher frequency than this, 
and there is every reason to believe the 

+ cochlea ean convert sound into elec- 
trical waves for still higher frequencies. 
Cochlear potentials have previously 
never been observed in mammals to 
sounds above thirty-five thousand eyeles. 
Our results, studied in more than thirty 
bats of four species, clearly offer strong 
support to the theory that bats hear 
supersonie sounds, for it would be a re- 
eoineidence indeed if the 
highly unusual electrical properties of 
the bat cochlea were not in some direct 
way connected with an ability to perceive 
supersonie eries. 

It is significant to note that this result 
was recently predicted on anatomical 
erounds. Ikeda and Yokote, two Japa- 
nese investigators, concluded from their 
study of the Japanese bat, first, that the 
bat cochlea is unique among mammals in 
having extraordinary morphological pe- 
euliarities in that region of the basilar 
membrane which is excited by sounds of 
high frequeney, and second, that these 

liarities are of such a nature as to 
ake it very likely that bats hear very 
igh-pitehed sounds. They tried to es- 
tablish this point by experimentation, but 
failed due to technical difficulties. 


t 


markable 


AvupiToryY THEORY OF Bat OBSTACLE 
AVOIDANCE 
We have seen how three lines of ex- 
perimental evidence converge upon the 


°R. Galambos, Jour. Acoust. Soc. Amer., July, 
1942, 


auditory theory as an explanation for 
In the first place, 
bats can avoid obstacles only so long as 
they have the use of their mouths and 
ears ; if the ears are plugged or the mouth 
tied shut the animal performs as if with 
no perception whatever of obstacles in its 
path. In the second place, the flying bat 
not only produces cries inaudible to man, 
but in normal bats a 
demonstrable between the way in which 


bat obstacle avoidance. 


correlation is 


the cries are produced and the location 
of the bat with respect to obstacles. This 
correlation is not shown by deaf bats or 
by normal bats which strike obstacles. 
Finally, the bat cochlea generates po- 
tentials when supersonic sounds are pre- 
sented to the ear, a property not pos- 
sessed, at least not to so high a degree, 
by any other known mammalian auditory 
organ.’ 

This experimental evidence can not be 
adequately explained by any theory 
other than the auditory theory. It will 
be necessary, therefore, to present this 
theory in a more specifie way. 

We propose the following as a résumé 
of the auditory theory. The supersonic 
ery of the flying bat permeates the space 
through which the animal will presently 
fly. Objects in that space seatter the 
sound waves, some of which then return 
to the ears of the animal and are per- 
ceived as sound. Some characteristic 
of the pattern of the reflected waves in- 
dicates to the animal the precise location 
of the objects, and it then suitably alters 
its course so as to avoid them. 

Many statements in the 
paragraph could profitably be amplified. 
It would be interesting, for instance, to 


preceding 


7In addition to these three lines of evidenes 
the auditory theory receives support from the 
descriptions of the bat larynx by Elias (foot- 
note 4), the bat ear by Ikeda and Yokote and 
the bat brain (by Poljak). Poljak 
Anat., 60: 465-469, 1925 characterizing 
cochlear nuclei in the bat brain as ‘‘ 
large’’ and the optic tracts as so ré 
be almost vestigial, concluded t 
tomical facts pointed toward a 
nance of the sense of hearing in bats. 
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demonstrate just how the remarkable 
ability of bats to avoid obstacles arises in 
part out of peculiar directional and re- 
flective properties of supersonic sounds, 
and to point out how if bats were to use 
audible sounds this would lead to a very 
much reduced ability to avoid. But only 
one statement will be treated here; 
namely, that some characteristic of the 
pattern of the reflected waves indicates 
the location of the obstacle. What is this 
characteristic, and how does it serve its 
important function ? 

There appear to be two ways in which 
the bat might be informed of the exact 
location of the obstacle. Let us assume 
the animal flies head-on toward a wire; 
the echo from the obstacle will arrive at 
both ears simultaneously. If the head 
should be turned slightly to one side or 
the other, however, the path traversed 
by the sound would be slightly longer for 
one ear, and the sound would therefore 
strike the near ear a fraction of a sece- 
ond before it arrived at the far ear. The 
bat, having presumably learned by long 
experience, would know at once that the 
obstacle lies on the side of that ear which 
first perceived the sound. In order to 
locate the obstacle exactly, it would then 
turn its head so as to receive the echo 
simultaneously in both ears. If the bat 
located obstacles by this method, it would 
be using as a cue what is technically 
known as the difference in time of arrival 
of the sound at the two ears. 

But there is another possibility. Let 
us suppose the bat approaches the wires 
with its head turned slightly to one side. 
The echo would travel to the near ear 
by a free, unobstructed path. The far 
ear, on the other hand, with the snout 
and head interposed between it and the 
wire, would lie in a ‘‘sound shadow”’ 
east by these structures. This would 
simply mean that the sound intensity at 
the ear in the shadow would be less than 
that at the other ear, and the bat could 
locate the wire by orienting its head so 


that the intensities at both ears were th 
same. It would thus localize the soynj 
source by the so-called intensity differ. 
ence method. 

Either of the above explanations js , 
likely description of the auditory mech. 
anism by which bats locate obstacles 
and there appears to be no way at presen: 
to evaluate them. It would be convey. 
ent here to resort to the subterfuy; 
commonly used by biologists when faced 
with a problem of this sort; namely, | 
render a judgment in a particular cas 
by citing experiments on other animals 
where the given phenomenon has one and 
only one explanation. Unfortunately, it 
is not possible to lean on such a device 
here. Dogs, cats, birds, ete., are knoy 


to possess remarkable powers for locating 


the exact sources of sounds, but no on 
has yet shown that time difference, 1 


intensity difference (or vice versa), is 
the sole explanation. Lacking even this 
type of evidence, therefore, we must con- 


clude that time difference, or intensit) 


difference, or both, constitute the mecha- 


nism whereby bats determine the precis: 
location of obstacles in their path. 


This uncertainty does not weaken the 
auditory theory in the least. The exact 


cue is, after all, a matter of subsidiary 


importance, however interesting it may 


be in itself. Bats possess anatomica 


structures which are peculiarly adapted 


for producing and receiving superson! 
sounds ; they emit supersonic cries whe! 


in flight, and they can not avoid obstacles 
if their ears or mouths are covered. ke- 


gardless of how one may choose to ar 
range these facts, he is driven to conclud 
that the ears serve to direct the bat : 
it flies in the dark. 

8 Localization by the difference in plas 
method is extremely unlikely because of 
short wave-lengths involved. See Chapter ‘ 
the author’s doctoral dissertation, ‘‘ The 
duction and reception of supersonie sounds 
flying bats,’’ on file at Widener Library, Ha! 


iS 


vard University, Cambridge, Massachusetts, for 


a complete discussion of these matters. 
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CALENDARS AND CALENDAR REFORM 


By Dr. W. E. CASTLE 


EMERITUS PROFESSOR OF ZOOLOGY, UNIVERSITY OF CALIFORNIA 


SoMETIME we shall be called upon to 
reshape the organization of the world so 
as to insure a lasting peace and promote 
the general welfare of mankind. It is 
well that we begin to think about that 
reorganization and to consider what 
changes, if any, would contribute to the 
welfare and happiness of mankind in 
veneral, for isolation is no longer pos- 
sible for any part of the globe or any 
section of the human race. Our destinies 
have been for all time united by science 
and invention, which have diminished the 
distances between continents. One of 
the devices which make possible an or- 
derly existence of men in social groups 
is the calendar. 

The calendar by which we measure 
the passage of time and the recurrence 
of the seasons possesses several serious 
defects capable of remedy, if all men 
could reach an agreement as to what 
changes are desirable, and the proper 
time for making them. This, however, 
is not easy of attainment, for our present 
calendar is one of the basic structures 
of our civilization and such structures 
are not easily changed. They constitute 
the framework of all our social institu- 
tions, which has reached its present state 
by a long process of evolution, and such 
a framework, age old in its development, 
should be altered as little as is consistent 
with progress. 

All peoples who have engaged in agri- 
culture of even the most primitive sort 
have felt the need of a system for mea- 
suring time and predicting the reeur- 
rence of the proper seasons for planting 
and harvesting erops. Around an agri- 
cultural calendar they have arranged a 
program for religious rites, feasts, dances 
and other celebrations designed to in- 
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fluence and propitiate the unseen powers 
thought to control natural processes. 

The most obvious means for measur- 
ing time are the movements of the heav- 
enly bodies, sun, moon and stars. A 
calendar based on one or mofe of these 
has regularly been formulated by a 
primitive people emerging from barbar- 
ism. 

The most conspicuous of the heavenly 
bodies, the sun, not only defines the year 
from one seeding time to the next, but 
also from one sunrise to the next defines 
the length of the day. Since day and 
night are in the long run of approxi- 
mately equal length, it was natural that 
each should be divided further into 
hours, the number of which was set at 
12 of daylight and 12 of darkness at or 
near the equator, where day and night 
are approximately equal, and where the 
problem first presented itself to the 
human mind. The subdivision of each 
hour into 60 parts, minutes, and each 
minute into 60 seconds is a device handed 
down to us from ancient Babylonia. 

Next in importance to the sun as a 


measure of time is the moon. Its recur- 


rent cycles give us the months, each cycle 
Twelve such 


covering about 293 days. 
eyeles aggregate 354 days or some 11 
days short of a solar year. 

Since the solar year does not corre- 
spond exactly with any definite number 
of lunar cycles, it is impossible to com- 
bine lunar months into a solar year with 
exactness. The nearest approximation 
is obviously a 12-month year, although 
it ineludes only 354 days. Different 
peoples in their calendars have used 
months of arbitrary length ranging in 
duration from 20 to 31 days. 

The Maya of Central America used a 
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20-day month, although they were aware 
that this did not correspond with a true 
lunar cycle. Their solar year contained 
18 such 20-day months, aggregating 360 
days, a closer approach to the true num- 
ber of days in a solar year than is given 
by 12 true lunar months. The Maya 
added 5 extra days to their 18-month 
year to make a solar year of 365 days. 
These extra 5 days however were not 
deducted from the ensuing month, so 
that the succession of months went on 
independently of the seasons and no 
attempt was made to have them come 
out in harmony. Spring began in what- 
ever month happened to be current, its 
arrival being determined by the align- 
ment of the sun with certain carefully 
placed stones. 

Our present calendar came down to us 
from the Romans who in turn had it 
from the Greeks and Egyptians in large 
part. As revised by Julius Caesar at 
the beginning of the Christian era, the 
Julian calendar consisted of 12 months 
of varying length. The mean length of 
the solar year was recognized on astro- 
nomical evidence as being 3654 days. 
Ordinary years were accordingly made 
to contain 365 days and an extra day 
was added in the shortest month, Feb- 
ruary, every fourth year. The month 
of July was so named in honor of Julius 
and it contained 31 days. February was 
assigned 29 days in ordinary years and 
30 in leap-years. But Augustus the suc- 
cessor of Julius renamed the month suc- 
ceeding July, August in his own honor 
and in order to give it equal importance 
with July in the calendar lengthened it 
to 31 days. So it was necessary to bor- 
row a day from the shortest month, Feb- 
ruary, which thereafter had 28 days in 
ordinary years and 29 in leap-years, as 
it still does. 

Thus was arranged the so-called Julian 
calendar which persisted unchanged for 
more than 1500 years, and except for a 
single modification still persists with us. 


In estimating the length of the solar 
year as 365} days, Julius had made it to 
long by 11 minutes and 14 seconds, as 
more exact astronomical observations 
have shown, and in 128 years the error 
would amount to an entire day. Th 
erroneous days continued to pile up cen- 
tury after century until in 1582 the mat. 
ter was taken in hand by Pope Gregory 
XIII. He ordered the extra days to be 
cut out, ten of them, bringing the begin. 
ning of the year back to where it was at 
the beginning of the Christian era. 1, 
provide against a renewed over-correc. 
tion of the calendar by leap years 
Gregory directed that leap year should 
be omitted in all centenary years except 
those which are multiples of 400. Thus 
the year 1900, though divisible by 4 wes 
not a leap year, but 2000 will be because 
it is a multiple of 400. Such is the pres 
ent status of our calendar. 

According to modern astronomy, hovw- 
ever, a slight over-correction by leap 
years still persists in the Gregorian 
calendar. To eliminate this it has been 
proposed to make the year 4000 and all 
its multiples common (not leap) years 
With this modification the beginning of 
the year will not vary from its present 
place in 200 centuries (20,000 years), 
which is good enough! The leap year 
rule, as thus qualified, would run as fol- 
lows: Every year the number of which 
is divisible by 4 is a leap year, excepting 
the last year of each century which is a 
leap year only when the number of thie 
century is divisible by four; but 4000 
and its multiples 8000, 12000, 16000, etc., 
are by a further exception common 
years. 

Pope Gregory’s reform of the calendar 
in 1582 was promptly accepted by all 
Roman Catholic countries, but in thie 
16th century religious prejudices were 
very strong. Protestant England re- 
fused to take orders from Rome either 
on the calendar or on any other subject 
and thus a desirable reform was delayed 
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all English-speaking countries for 
two centuries. The Eastern or Greek 
Catholic church was even more obdurate 
and still adheres to the Julian calendar. 
The Julian calendar was in use in the 
North American colonies, as in all other 
parts of the British Empire, until 
shortly before the American Revolution. 
Thus George Washington was born on 
Feb. 11, 1731, of the Julian calendar and 
he himself always regarded Feb. 11 as 
his birthday. But the error in the Julian 
calendar amounted to eleven days when 
Great Britain switched to the Gregorian 
calendar and so Washington’s birthday 
became February 22 of the current calen- 
dar. 

A complication in the measurement 
of time and in ealendar making, which 
we have not yet considered, is intro- 
duced by the seven-day week. This 
arises not from astronomical but from 
social and religious considerations. Oc- 
casional days of rest and recreation are 
essential in a well-ordered society. In 
various parts of Africa, weeks of four, 
five, six and eight days are observed by 
the natives, usually in connection with 
a recurrent market day. The seven-day 
week originated in western Asia and 
spread to Europe and North Africa with 
the spread of the Jewish, the Christian 
and the Mohammedan religions, which 
agree in having a seven-day week though 
with a different holy or rest day in each. 

Neither the 365-day year nor the 
month of 29 or 30 days is exactly divis- 
ible into seven-day weeks, so that in our 
present calendar each successive New 
Year’s day falls on a different day of the 
week. Every other event which falls on 
a particular day of the month falls on 
a different week day in each successive 
year. This is only one defect but a 
serious one of our present calendar, and 
it is capable of eradication in a very 
simple way, as we shall see. 

A second defect of our calendar arises 
from the varying numbers of days in 


the month. In the shortest month, Feb- 
ruary, it is 28 or in leap years 29. In 
certain other months the number is 30 
and in the rest 31. One has to go 
through the lines ‘30 days hath Sep- 
tember’’ etc., before he can feel sure 
how many days there are in the current 
month. Even then he can not tell with- 
out a calendar of the year before him 
how many Sundays, how many full 
weeks and how many week days there 
are in the month, since these change from 
year to year. All these items are of 
importance to the business man, the 
schools, the churches, the banks, and all 
of us. There should be no uncertainty 
concerning them and there need be none 
under a slight modification of the calen- 
dar, which would make every day in 
every year the same as regards the day 
of the week and the day of the month. 
To bring about this desirable uniformity, 
two different but related plans have been 
proposed. They are known as the 13- 
month calendar (a proposal now with- 
drawn) and the World calendar. The 
13-month calendar would make every 
month of exactly the same length (four 
seven-day weeks) so that it would begin 
on a Sunday and end on a Saturday. 
The number of work days in each month 
would then be the same, except for the 
occurrence of special holidays. The 
standard year would thus consist of 52 
seven-day weeks, would always begin on 
Sunday and would end on an extra Sat- 
urday as a 365th day. Another extra 
day would be added in leap years. But 
with these desirable features is included 
one serious disadvantage. The year is 
not divisible into equal half years or 
quarters, since thirteen is an odd number 
of months. 

This difficulty is avoided and most of 
the advantages of the 13-month arrange- 
ment are retained in the proposed World 
Calendar. This retains the familiar 12- 
month year, and divides it into four 
quarters of equal length. Each quarter 
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begins on Sunday and ends on Saturday. 
It contains 3 months including 91 days, 
in its 13 weeks. Month dates always fall 
on the same week day from year to year. 
Each month has 26 week days plus Sun- 
days, a uniformity very advantageous to 
business. 

The first month of each quarter begins 
on Sunday and so contains five Sundays. 


PROPOSED 
WORLD CALENDAR 
FIRST QUARTER 
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The other two months of the quarter 
contain four Sundays each. Each quar- 
ter thus ineludes 13 Sundays. 

The first month of each quarter con- 
sists of 31 days (including the extra Sun- 
day). Each of the other two months of 
the quarter consists of 30 days. The 
three months of each quarter are thus 
alike in length except for the extra Sun- 
day of the initial month. 
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Each quarter includes 91 days, and 
combined the four include 364 days, Ap 
extra Saturday, a holiday called Year. 
day follows Dee. 30th and this makes 
the 365th day of the standard year, as jy 
the 13-month calendar. 

In leap years an extra Saturday, 
Leap-year day, a holiday, follows June 
30th in the middle of the year, making 
a 366th day. 

A world calendar thus revised would 
be ‘‘balanced in structure, perpetual in 
form and harmonious in arrangement,”’ 
Only one group of business men is likely 
to object to it, those who print calen- 
dars, for their business will be greatly 
reduced. Each year’s calendar will be 
the same, except for the extra Saturday 
in the middle of each leap year. Ed:- 
eators, scientists, and professional men 
would weleome the adoption of the world 
ealendar which would greatly simplify 
the arrangement of schedules and ap- 
pointments. 

Holidays such as Easter could b 
stabilized and given a fixed place in the 
calendar, preferably at the week end so 
as to make 2-day or 3-day periods of 
recreation possible without breaking into 
the working week. Easter of course 
comes on Sunday, Christmas would come 
regularly on Monday, Washington’s 
birthday could be moved to the day 
which he celebrated, the 11th of Febru- 
ary, Lineoln’s birthday would come on 
the following day, Sunday February 12, 
or if celebrated on Monday, the 13th a 
single national 3-day week-end holiday 
in mid-February would result. Labor 
day naturally falls on Monday, Sept. 4, 
national election day could be fixed on 
Monday, November 6. Armistice day 
might well be celebrated, as in England, 
simply by a 2-minute pause on Saturday, 
November llth, and Thanksgiving day 
could be stabilized on Thursday, the 16th 
of November, or preferably advanced to 
the 18th, Saturday, or the 20th, Monda) 

The 17th of March, St. Patrick’s day 
to Irish Americans, and Evacuation day 
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» all Bostonians, since Washington 
forced the British soldiers out of Boston 

that date, would fall on Sunday and 
+s eelebration probably on Monday. 
Onlv the 4th of July (Wednesday) and 
Columbus day (Thursday) would re- 
main as mid-week holidays widely cele- 
brated in the U. 8. 

By way of summary, we may note 
that the chief source of the imperfections 
of our present calendar lies in the at- 
tempt to use simultaneously three dif- 
ferent me hods of measuring time (1) 
the solar year of 365 days, (2) the lunar 
month of 30 days more or less, and (3) 
the conventional 7-day week. No two of 
these come out in agreement. 

We can not get away from a solar year 
of slightly more than 365 days, since on 
this the reeurrence of the seasons de- 
pends. Our problem then is to bring 
into conformity as nearly as possible 
with the solar year both the months 
and the weeks. Our present calendar 
does neither of these things adequately. 
To make up a year of twelve months 
we have to adopt months differing 
in length by as much as three days, 
which is poor time engineering. To 
make up a year of 365 days we have 52 
seven-day weeks, with one day left over. 
By beginning the next week on this left- 
over day, each successive year begins on 
a different week day. We are confronted 
with the same difficulty as regards the 
day of the week, as confronted the Maya 
regarding the months in relation to the 
year. Instead of skipping the five extra 
days at the end of a year, and beginning 
anew year with a new month, they made 
the five extra days part of a new month 
and thus there was no correlation be- 
tween a particular month and a particu- 
lar part of the year. And we, instead of 
skipping the left-over day at the end of 
the year and beginning the new year 
with a new week, keep the succession of 
seven-day weeks uninterrupted regard- 
less of what it does to our yearly eal- 
endar. 


The difficulty concerning the lack of 
agreement between days of the month 
and days of the week in successive years 
is met in both the proposed 13-month 
calendar and the proposed World calen- 
dar in the same sensible way. The extra 
day at the end of the year is not put into 
a seven-day week, but is made a special 
holiday, a year day or extra Saturday, as 
you choose to call it. The extra day of 
leap years is treated in a similar way, 
as leap year day which does not make 
part of a seven-day week. 

The variation in length of the months 
in our present calendar is obviated in 
a different way in the 13-month calendar 
and the World calendar. In the former 
each month would consist of exactly four 
weeks, 28 days, the total being 364 days, 
with year day not a week day, making 
the 365th. The impossibility of having 
quarter years made up of like numbers 
of months is the chief defect of this pro- 
posed calendar. 

In the World calendar, there would be 
four equal quarter years of 91 days each, 
with one extra year day making the 
365th. 

Every month would contain the same 
number of week days (26) and the same 
number of Sundays (4) except the first 
month of each quarter which would con- 
tain a fifth Sunday, the odd or 91st day 
of the quarter. 

How and when cou!d we change from 
the present to the proposed World eal- 
endar with the least amount of disturb- 
ance to existing conditions? January 1, 
1945 would be a practicable date, since 
that would be the same day of the week, 
Sunday in both calendars. 

Of course no country single handed 
eould bring about the change. It will 
have to be by joint action of a large 
part of the civilized world. Already 14 
nations have officially approved the 
World Calendar. In response to a pro- 
posal made by Chile and sent to all 
Council of the 
favorable 


governments by the 
League of Nations in 1937, 
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replies were made by six American gov- able that the rest of the world woulq 
ernments, viz., Brazil, Chile, Peru, Uru- soon accept it. There is no religioys 
guay, Mexico, and Panama; as wellasby opposition in sight today as there was 
Esthonia, Greece, Hungary, Norway, when Pope Gregory instituted his re. 
Spain, Turkey, Afghanistan and China. forms, nor is there ground for politica] 
If the United States and Canada were opposition. Nothing but the inertia oj 
to join with Mexico and the South custom holds back a reform which would 
American Republics in adopting the _ benefit all classes of people, not least of 
World Calendar, it seems highly prob- all students and teachers. 
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TENSE and expectant, the audience viously effective cause, the redoubtable 
watches. Quickly the magician opens the fourth dimension—fairly reeking as it is 
lid of the narrow vertical box which has with intellectual content—would be very, 
just closed so suddenly upon his startled very impressive indeed. The prestige o! 
assistant. There hasn’t been time to science, striking obliquely here, woul 
arrange a trick, and he seems frightened. help the subtle explanation to get a 
Something must be wrong. It is. The respectful hearing. Mysticism and s¢ 
girl is gone—vanished. No—there she ence, combined, make a_ well-nigh 
comes out of a far door, no longer in a_ resistible team. 














strait-jacket, but pert and free in shorts For mystery has a glamor of its ow 
and spangles. Consider the very number of synonyms 
The tension relaxes. for ‘‘mysterious’’ in my small an 



















‘‘T’m sorry,’’ explains the magician. abridged dictionary: ‘‘abstruse, caba 
‘‘T didn’t mean to say ‘hoeus pokus’ istic, dark, enigmatical, hidden, incompr 
quite so fast.”’ hensible, inexplicable, inscrutable, mys- 

The crowd laughs. It is superior now. tic, mystical, obscure, occult, recondit 
Everybody knows that the stock magic secret, transcendental, unfathomable, un- 
phrase had nothing whatever to do with fathomed, unknown.’’ There, in tl 
the unaccountable disappearance of the staid dictionary, you have a glimpse « 
girl, the thought patterns of humanity, of th 

But suppose the trappings of the act almost tangible awe which clings like a 
had been altered a little. Suppose the persistent cloud about that which is not 
chief actor had worn an exotic head- understood. In a page of brief defini- 
covering and had ealled himself a Brah- tions this sudden deluge of words clearly 
man seer. Suppose he had explained shows where fascination lies. The | 
gravely that it is possible, by the new man race is mystic to its very core. 
vibratory technique, to waft his subject But obvious!y an idea so many-face 
temporarily into the fourth dimension. as ‘‘mysticism’’—so broadly tangled 
In that case it is likely that he would with the hopes, fears and confused think 
have gained a credulous convert or two. ing of mankind, ean not go into tl! 
Of course nobody would know for sure premise of a logical train of thought un- 
what he had really meant, least of all the less we compress it somehow into al 


seer, but the intriguing name of the ob- understandable unity. For the purposes 
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our discussion we must chop the word 
of its subtle fringes of meaning. 
n vo major ideas will remain, the first 
sienifying utter sham, as pompous 
pretentious as it is amusing ; while 
second connotation—the one which 
remains respectable under scrutiny—is 
he mysticism which lies at the hearj of 
modern science. We shall come to that 
later. 
But first of all let it be understood 
we are not here concerned with the 
simple, folksy brand of mysticism which 
would connect a case of measles with 
the path-crossing activities of the neigh- 
bor’s black eat. Superstition can natu- 
rally have little to do with science, which, 
again according to my dictionary, means 
‘“Inowledge verified by exact observa- 
tion, and thinking which harmonizes 
that knowledge.’’ For obviously 
it is not exact observation and exact 
thinking which has established the dubi- 
ous connection between a pinch of salt 
the left shoulder and a 


hat 
al 


l 
wit} 
Vill 


over 


thrown 


subsequent windfall on bank night, or 
between not sitting on a handkerchief 
and a run of flat hands at the bridge 
table. 

No, the mysticism of which we write is 
so far from erude and naive supersti- 
tion that it has actually an intellectual 


front, an air about it, so to speak. It is 
nurtured by scientific phrases and a 
specious imitation of learning. It has a 
subtle, seductive quality which inevita- 
bly traps the would-be sophisticates who 
fawn before impressive but indigestible 
ideas. It is astrology, it is the fourth 
limension; it is curved space, it is non- 
existent or misunderstood profundity. 
[It is the invoking of a cause for a given 
result which merely makes that result 
somewhat more incomprehensible than 
before, like the above use of the ‘‘fourth 
‘imension’’ to account for the magician’s 
vanishing trick. It is muddle-headed- 
ness disguised as insight. It is fraud, 
though in its subtler phases it fools us 
all now and then. 
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for instanee, which ae- 
condition of 


Take astrology, 
counts for the rundown 
John A. Fitz as being due to a bad com- 
bination of the planets. This explana- 
tion is not satisfactory to the astronomer, 
who the bodies them- 


selves instead of their effects upon the 


studies celestial 
human disposition; who misses, some- 
how, the direct connection between 
Mars and the human midriff; and who 
also misses, sometimes quite terribly, the 
cash that he might collect from eager and 
opulent customers who want to know all 
about the planet Saturn and its thrilling 
evil But the explanation, 
nevertheless, may sound convincing 
enough to John A. Fitz himself, 
even though moderately well informed 
and equipped for everyday living, does 
not, unfortunately, know enough about 
the planet Jupiter to absolve it of all 
blame for the past affairs of his wife. 
Here (thinks John) is a fellow 
knows first hand about the stars 
their effects upon people, and who is 
John A. Fitz to question the findings of 
the After all, science is a 
wonderful thing. Better than 
sorry ; better pay the man for the horo- 


influence. 


who, 


who 
and 


savants? 
be safe 
scope. Thus one more victim of scientific 
mysticism pays his tribute to muddled 
thinking. 

And yet the really adult members of 
society will not, for the most part, be 
fooled by this particular brand of mysti- 
cism. While it is conceivable that a 
clerk in the Outer Offives of the Grand 
Planner may keep a careful record of 
astrological predictions, and may do his 
level best to bring to pass those which do 
not contradict each other, it nevertheless 
seems evident that this delightful theory 
needs some fairly substantial support 
from unbiased records. And one of the 
more or patent facts of general 
knowledge is that history is strangely 


less 


lacking in accounts of a mammoth sta- 
tistical campaign, involving the 
tions and destinies of millions of human 
beings, during which the star prophets 


a1sposl- 
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vot their data. Without such data their 
conclusions would be worthless even if 
they were not absurd to begin with in 
the light of astronomical facts. The in- 
telligent man in the street may not know 
about the absurdity; but he is likely to 
sense the dubious nature of the evidence 
when he learns, sooner or later, that 
astrology and astronomy are not really 
the same, and that it is only the astrono- 
mers who have access to the large tele- 
scopes of the world. Thus he learns that 
the bolstering statistics which the astrol- 
ogers Jack are even now being 
gathered for them. And thus, if he has 
reasonably good judgment, he decides to 
worry along without his horoscope. 

This being the case, we can dismiss 
rather lightly the mysticism of the sky- 
charlatan. He could never, never de- 
ceive the intelligentsia to whom this es- 
say is directed. And incidentally, we 
can explain with airy ease the wide- 
spread vogue of astrology to-day. The 
explanation lies chiefly in the bread-and- 
butter urge of numerous national news- 


not 


papers and magazines to share in the 
golden harvest reaped from the bam- 
boozling of the more lightheaded public, 
together, of course, with the generous 


supply of lightheadedness itself. Surely 
it is astrology which gives the final and 
clinching demonstration of Puck’s pun- 
gent phrase: ‘‘ What fools these mortals 
be!”’ 

But what of the girl who was wafted 
into the fourth dimension? Isn’t this a 
deeper problem? Since reputable math- 
ematicians often speak quite learnedly 
and seriously of this thing ealled ‘‘four- 
space,’’ why can’t it be possible that 
physical objects now and then slip out of 
the ordinary three-dimensional frame- 
work which seems to represent reality to 
our limited faculties, and that they be- 
eome therefore invisible, though really 
right at hand in the fourth dimension ? 
Sounds plausible, doesn’t it? Well, 
there we have a perfect example of the 
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illegitimate type of scientific mysticisy 
of the impressive-sounding explanatig, 
which leaves the explainee two third 
addled, half convinced and wholly in ¢] 
dark. The loophole for sanity, as 
often the case, lies in recognizing +} 
prostitution of words. When the math. 
matician talks of four, five and n dimer. 
sions he is simply speaking of four, fiy 
and n independent variables. The thre 
dimensions of a room, described rough); 
as length, width and thickness, or 1 
and-down, right-and-left and backward. 
and-forward, represent the first simp 
space concept associated with the word 
‘*dimension’’; and the desertion of this 
concept for a new meaning applied to the 
old word is the cause of the whole sorry 
confusion. It is this change of meaning 
which allows us to speak of time as 
dimension; and it is still true that, out 
side of useless and metaphysical spec 
lation, there are three and only three 
dimensions of space. The fourth dimen 
sion of mystic significance is as non- 
sensical as the fourth corner of a tin 
triangle. 

Not that the mathematicians them- 
selves are blameless. Just as they talk 
unfairly about ‘‘dimensions’’ with secret 
reservations in their hearts, so also they 
prate of ‘‘four-space,’’ ‘‘five-space’’ and 
of course and inevitably, their beloved 
**n-space,’’ where as many variables as 
they please ean shoot out along n mu- 
tually perpendicular lines. Actually 
they know what they are talking about 
(we hope), but again they have swindled 
the public. And sometimes we fear that, 
in their enthusiasm and forgetfulness, 
they may possibly have swindled them- 
selves. 

It all comes about because in ‘‘ analytic 
gceometry’’ they have invented a beauti- 
ful way to illustrate the equations of 
algebra with the points, lines, curves and 
surfaces of geometry. This works won- 
derfully on a plane, where the relative 


sizes of two varying quantities can be 
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lystrated with lines and curves. It 
‘ill works in actual space with its three 

msions, in which the illustrating 
»yres ean be neatly approximated by 
means of strings and paper surfaces. 
But when four or more variables are 
ysed, this picturing device flatly and 
utterly fails. Yet the investigator finds 
that he ean continue to make algebraic 


discoveries by using algebraic devices 


which were suggested by the geometric 
nictures in the eases where those pictures 


i 
appiued. 


ap] Then what does he do? To 
help his thinking, and heedless of the 
fraud he is perpetrating, he denies that 
he has gone out of geometry, and he be- 
eins to talk mystically of such things as 
‘‘hyper-spheres’ intersections 
with planes are spheres. Neither he nor 
any one else ean draw pictures of such 
monstrosities. Intoxicated with his 
verbiage, he begins to see Alice-in- Won- 
derland ‘‘four-space’’ on the horizon; 
and soon he putters around in ‘‘n-space’’ 
as casually as a child with a pile of 
blocks. And by this time he may actu- 
ally have forgotten that his picturing 
device ever did break down, and that he 
is not still using a mystie sort of geom- 
etry in his thinking. 

Please do not misunderstand me. [| 
cast no aspersions on the beauty and use- 
fulness of the mathematical results thus 
My objection is solely to the 
implies that old- 
fashioned ‘‘three-space’’ is a simpleton’s 
illusion and an artificial shackle. Ein- 
stein himself gets along with it, in spite 
of the impression to the contrary. He 
merely points out that a fourth variable, 
time, is needed to locate an event as con- 
trasted with an object. Rightly under- 
stood, there is no mystery here, no realm 
of the ultra-ultra accessible only to the 
mathematician in a trance. With no in- 
tention here of losing the reader in the 
Einstein Theory, we wish merely to 
point out that it would be a much more 
difficult undertaking to lose him physi- 


b 


whose 


b 


obtained, 
terminology which 


b>] 


IN SCIENCE 


eally in the mathematician’s ‘‘four- 
space.”’ 

Mysticism in science, then, as we have 
been describing it, is either pretentious 
fraud, such as astrology, based upon 
borrowed prestige, or else it is a strain- 
ing for weird and meaningless conclu- 
sions which spring from the accidental 
implications of unfortunate technical 
terms. Yet beyond the sham lies the 
reality of patient, respectable scientific 
thought to-day—and what do we find 
there? Why, a new sort of mysticism 
a legitimate sort. We may describe it 
roughly as attempted explanation which 
awes and baffles because the universe it- 
self happens to be awesome and baffling ; 
and which apparently violates all com- 
mon sense simply because the so-called 
Mathe- 
maticians run squarely into this mysti- 
cism of things-as-they-are in grappling 
infinity ; astronomers 


‘*eommon sense’’ is not infallible. 


with the idea of 
meet it in the problem of the nature and 
bounds of space; and modern physics is 
shot with it from end to end. 

By way of example, the algebra teach- 
er’s mild assertion that there is no small- 
est fraction bigger than zero often brings 
a protest from the student’s outraged 
‘‘ecommon sense,’’ though it is not hard, 
in this case, to still the uproar. But in 
the simple explanation, lighted as it is 
with imagination if it be explanation at 
all, a startling new idea must appear. 
As adults let us examine this idea. 

Imagine a point, on the wall of a large 
room, which is nine tenths of the way 
from end A to end B. Then magnify the 
remaining one tenth so that it looks as 
long as the whole room now does, and 
take a second point nine tenths of the 
way to B again. Repeat the 
over and over, each time magnifying the 
remaining tenth until it covers the whole 


pre CESS 


original wall. Soon we transcend the 
world of measurement and reach a realm 
in which the physicist’s atom has swelled 


to the vastness of the astronomer’s uni- 
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verse. And yet the process continues— 
there is nothing in nature or logic to stop 
it. Inward and inward we march, to 
realms as real, perhaps, as those where 
man is dominant, and yet as far outside 
his instrumental reach as the blankness 
beyond the galaxies. Here lies the uni- 
verse of the minute, as staggering, end- 
less and full of potentialities as the great 
outside itself. Surely here is mysticism 
-legitimate mysticism—inherent in the 
nature of things and glimpsed through 
the magic keyhole of mathematics. 
Illustrations swarm before us. Though 
the conclusions of ‘‘non-Euclidean ge- 
ometry’’ are flawless mathematical de- 
ductions, they might well be considered 
unimportant because their intuitively 
preposterous premises rub the common- 
sense raw; yet some of these theorems 
seem to fit the startling universe of Ein- 
stein. The Einstein theory itself crashes 
through the structure of nineteenth cen- 
tury science founded by geniuses like 
Newton; but its conclusions are not to 
be brushed aside lightly because they 
flout this authority, nor because on first 
thought they look so highly unreason- 
able. The theory is intellectually re- 
spectable; make no mistake about that. 
But even here, in the popular explana- 
tions, at least, there is a taint of the more 
reprehensible type of scientific mysti- 


cism, of impressiveness gained through 
a confusion of terms, of statements which 
are false in the sense that they do not 
Sut all 


mean what they seem to mean. 
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in all, when we examine the theory fairly 
we find, perhaps, that we have to o, 
along with it, at least part way, while it 
tampers with time and space, does away 
with gravitation, and wipes out the 
ether through which light was said + 
travel. It is a highly bothersome compi- 
eation of the old simple set-up; but 
nature seems to join Mr. Einstein jy 
demanding that we give it heed. 

Thus, in this modern age, mysticism 
once more raises its head. Snatched out 
of the murk of superstition by deeper 
and more accurate thinking, it 
calmly on its rescuer and lo, that saving 

For it can 
around it—a 


turns 


science itself goes mystic. 
not escape the universe 
universe of living things which sprang 
somehow from unfathomed beginnings: 
of forces, such as magnetism and gravita- 
tion and electricity, which can be labeled 
but not really known; of uneanny pr 
cesses by which the potent magic o! 
thought, stemming strangely from the 
sodden gray mass of the brain, creates 
new forms, starts new sequences, sweeps 
inward to the atom and outward to the 
galaxies of space. This it sees, and this 
it reckons with. Never again, perhaps, 
will chastened science expound the facts 
of the case with the smugness of old. 
Like the veriest bumpkin, it now senses 
the mystery inherent in the nature of 
things; with the humblest of men it 
tastes the brew made of wonder, baffle 
ment and awe-struck recognition of all 
that is yet unexplained. 





HUXLEY’S “EVIL” 


INFLUENCE 


By JAMES D. TELLER 


DEPARTMENT OF EDUCATION, OHIO STATE UNIVERSITY 


(en years ago self-appointed critics of 
s Henry Huxley expressed the 
opinion that ‘‘the evil that a man of 
Huxley’s calibre left to live after him 
will never be measured.’’? After read- 
ne such an estimate the author under- 
ok to ‘‘measure’’? Huxley’s ‘‘evil’’ in- 
fuence on his many friends and enemies. 
The results of his research are embodied 
in the present paper. 

In order to show the influence which 
Huxley exercised among his students, 
1 few representative tributes will be 
quoted. However, it is to be noted that 
most of these represent the opinions of 
students whom he encouraged to con- 
tinue in some branch of science and who 
later became known in their field. The 
tributes of that great body of unknown 
students have never been heard, but we 
nay well believe that the sentiments 
which they would express would sound 
10 discord with the major chord which 

shall strike. 

That it was not the laboratory system 
alone that made Huxley a great teacher 
is shown by the appreciative words of 
’rofessor W. J. Solas, who was his stu- 
dent before the advent of the laboratory 
teaching: 

It was never my privilege to know Huxley as 
. friend; he was my teacher, that was all; with 
reverence and affection I worshipped from afar. 
Now as I look back over a long life, I feel, while 
‘ecognizing how great is my debt to my many 
distinguished teachers, that I owe to him more, 

th morally and intellectually, than to any 
ther I can name.2 

Henry Fairfield Osborn also seems to 
have been influenced more by Huxley’s 

‘J. H. Massingham and Hugh Massingham, 
ed., ‘*The Great Victorians,’’ pp. 227-238. New 
York: Doubleday, Doran and Company, Inc., 


’. J. Solas, Nature, 115: 748, May 9, 1925. 


lectures than by his laboratory system, 
sinee, as he tells us, Huxley came through 
the laboratory not more than once a 
week. ‘‘ Breadth and depth, culture from 
every source, lack of dogmatism, faith in 
the educational value of science without 
prejudice to the classics, these,’’ Osborn 
felt, ‘‘were the keynotes of Huxley’s in- 
fluence as a teacher and writer.’’* In 
appreciation of this influence he dedi- 
Age of Mam- 
mals’’ ‘‘to the memory of Balfour* and 
of Huxley, my chief teacher in compara- 
anatomy.’ While at Columbia 


eated his work on ‘‘The 


tive 
University Osborn used his ‘‘old master, 
Huxley’’ 
concerning a liberal education.® 
Professor S. H. Vines, who introduced 


as a center for some remarks 


the Huxleyan system to Cambridge, re- 


ceived his trainine both as a student and 
And ae- 
ha 


memorable experience, an 


demonstrator under Huxley. 
cording to his own testimony, was 
altogether a 
invaluable apprenticeship in the art of 
Another of Hux- 
Jeffery Parker, 


teaching science.’’ 
ley’s demonstrators, T. 
eould not 
is usually a hero to his demonstrator,”’ 
but he did that he **never 
ceased to be impressed with 


decide ‘‘whether a professor 


know had 

the manli- 
ness and sincerity of his character, his 
high 
moral standard, his scorn of everything 
his firm determination to 


complete honesty of purpose, his 
mean or shifty, 


Fairfield Osborn, Natur 


3 Henry 
May 9, 1925. 
4 Cf. p. 4. 
Henry Fairfield 
Naturalists,’’ p. 71. New 


ions of 


Osborn, ‘‘Impre 
Great York: Charles 
Seribner’s Sons, 1924. 

6 Henry Fairfield Osborn, ‘‘ Huxley and 
eation,’’ New York: 
1910. 

7S. H. 


Edu 


Charles Seribner’s Sons, 


Vines, Nature, 115: 715, May 9, 1925. 


— 
173 





174 


speak what he held to be truth at what- 
ever cost of popularity.’’§ 

In addition to those previously men- 
tioned, many other representative biolo- 
gists were directly trained by Huxley. 
Among these we may mention Saville 
Kent, C. Lloyd Morgan, George B. 
Howes, W. Newton Parker,’ Patrick 
Geddes, Angelo Heilprin and Angelo 
Andres.'® These serve to show Huxley’s 
ability not only to single men out but 
also to inspire them to investigate the 
problems which were pressing for solu- 
tion. Moreover, since the majority of 
them became professors of biology, they 
Huxley’s influence as a 
teacher over the globe. One of them, 
Howes, continued Huxley’s 
work as professor of biology in the Royal 


have spread 
Professor 


College of Science. 

It is a curious coincidence that men 
who frankly and freely express their 
indebtedness to Huxley became profes- 
sors in the biological sciences at both of 
the old English universities. This fact, 
as well as the offer to Huxley himself 
of the Linacre professorship of physi- 
ology at Oxford on the death of Pro- 
Rolleston,'? well illustrates the 
change which had come over the uni- 
versities even in Huxley’s lifetime. 
30th Michael Foster and E. Ray Lan- 
kester were demonstrators for Huxley 
during the introduction of the labora- 
tory system at South Kensington. Fos- 
ter later went to Cambridge and Lan- 
kester to Oxford. 

During the first Huxley lecture at the 
Charing Cross Hospital Medical School 
the school where Huxley received his 


fessor 


8 Quoted from the reprint of Parker’s Recol- 
lections to be found in Leonard Huxley, ‘‘ Life 
and Letters of Thomas Henry Huxley,’’ Vol. IT, 
pp. 447-448. New York: D. Appleton and Com- 
pany, 1901. 

® For the first four names, cf. Henry Fairfield 
Osborn, ‘‘ Impressions of Great Naturalists,’’ p. 
70. New York: Charles Seribner’s Sons, 1924. 

10 For the last three names, cf. Patrick Geddes, 
Nature, 115: 740-743, May 9, 1925. 

11 Cf, Leonard Huxley, op. cit., Vol. II, p. 32. 
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training, Sir Michael Fostey 


medical 


said: 


If I venture to say that the little which } 
who is now speaking to you has been able to q 


is chiefly the result of Huxley’s influence a; 
help, it is because that only illustrates what 
was doing at many times and in many ways, , . 
His indirect influence was perhaps greater | 
than his direct.12 

Huxley always felt that he had dis. 
covered Foster, and it was Foster wh 
discovered Francis Balfour,’ the young 
investigator whom we have already men 
tioned in connection with the joint ded 
eation of Osborn’s work on ‘‘The Age 
Mammals.’’ At the time of 
tragic and untimely death in the year 
in which Darwin died, Huxley wrote: 


Balfour’s 


Heavy blows have fallen upon me this year i: 


losing Darwin and Balfour, the best of the 
and the best of the young. I am beginning t 
feel older than my age myself, and if Balfour 
had lived I should have cleared out of the w 
as soon as possible, feeling that the f 
Zoological Science in this country was very saf 
in his hands.14 

It was the elder Lankester who ex 
tended the original: Huxleyan plan of 
with the simple 
biology and progressing to the more com- 
plex types. His son, E. Ray Lankester 
spread the system to Oxford. He tells us 
that ever since he was a little boy Huxle) 
had been his ‘‘ideal and hero.’’ After 
I{uxley’s death he wrote: 


e 
forms in 


beginning 


ee 


There has been no woman or man whom [ hav 
met on my journey through life, whom I ! 
loved and regarded as I have him, and I fee 
that the world has shrunk and become a po 
thing, now that his splendid spirit and deiight 


ful presence are gone from it.15 

Even those from whom Huxley was at 
times estranged because of a fundamen- 
tal difference in view-point are able to 
express appreciation for his teaching 
St. George Mivart, the biologist, who ac 
cepted the Roman Catholie faith and 

12 Michael Foster, ‘‘Recent Advances i 
ence, and Their Bearings on Medicine an 
gery,’’ Smithsonian Report, p. 363, 1896. 

13 Leonard Huxley, op. cit., Vol. II, p. 42! 

14 [bid., p. 41. 

15 [bid., p. 447. 
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after trying to reconcile evolution with 
+ by a theory of derivative creation, was 
lly excommunicated, says of Huxley: 


fnail 


is almost needless to say that his teaching, 
; manner and method, made a profound 


mpression on me.16 


Mivart had studied biology before he 
eame to Huxley. He was therefore per- 
mitted to attend lectures as ‘‘an honor- 
ary student.’? However, in his Remi- 
niseences he writes: 

As to science, I learnt more from him in two 
years than I had acquired in my previous decade 
if biological study.17 
So he later sent his son to Huxley that 
he too might profit by such instruction. 

Thus far, we have drawn our tributes 
largely from those who were primarily 


interested in biology. But Huxley’s in- 


fluence is attested also by students whose 
major interests were not in the field of 


science. Asa representative of this class 
we may quote the impression which Rev- 
rend E. I’. Russell, eurate of a London 


parish, gives of Huxley: 


When, like Mareus Aurelius, in the evening of 
my life I look back upon past years and count up 
he names and benefactions of those to whom I 

so much, I find myself dwelling with espe- 
ial gratitude upon the name of Thomas Henry 
luxley, what he was and what he did; for from 

1 I learned, so far as I was capable of learn- 

g, not only the principles of biology, and of 

e scientific method, but also, from his example, 
such high qualities as the habit of observation, 

curate and intense, of patience and thorough- 

ss in all we undertook, and—I would add—of 
courtesy to strangers,18 

The foregoing list of students and lab- 
oratory associates is not intended to be 
exhaustive but only representative. It 
is impossible to give even a brief word of 
appreciation from all of Huxley’s stu- 
dents who have expressed them. More- 
over, we must ignore possible influences 
on such men as F. O. Bower and D. H. 
Marshall Ward and Alexander 

°St. George Mivart, The Nineteenth Century, 
~: 988, December, 1897. 

Ibid., p. 991. 
F. Russell, Nature, 115: 752, 


Seott. 


May 9, 
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mae Nab, Burdon-Sanderson and H. 
Newell Martin.?® However, since Hux- 
ley’s influence not only 
through his students and those who as- 
sisted him in their guidanee, but also 
through his many friends and corre- 
spondents, this paper would be incom- 
plete without a word concerning the 


was exerted 


closest of these. 

Huxley’s friends and correspondents 
included some of the greatest thinkers of 
the nineteenth century. With some of 
these he formed life-long friendships in 
which the influence was reciprocal. The 
influence of Charles Darwin on him is 
too well known to require further com- 
ment, but it is not unlikely that Huxley 
also exerted an influence on Darwin. 
That Darwin valued his opinion is shown 
by the fact that Huxley was one of three 
judges, Sir Charles Lyell and Sir Joseph 
Hooker being the other two, upon whose 
decision as to the merits of the ‘‘ Origin 
of Species’’ he determined to abide.?° 
After his favorable verdict, Huxley be- 
came the ‘‘general and ‘‘bull 
dog’’ for Darwin, and was easily the 
most aggressive of the judicial trio in im- 
parting the essentially creative thought 
of the book to the world. That Darwin 
valued the generalship of Huxley is 
shown in an appreciative letter which he 
wrote to him before the tide had turned: 


agent’’ 


The pendulum is now swinging against our 
side, but I feel positive it will soon swing the 
and no mortal man will do half as 
right 


other way; 


as you in giving it a start in the 


much 
] 


direction, as you did at the first commence 


ment.?! 

The pendulum did ‘‘swing the other 
as almost any schoolboy is now 
aware. That it did is due not only to 
Darwin and Huxley, but also to Sir 
Joseph Hooker, Alfred Russell Wallace 
Herbert Spencer. Of this latter 

19 These men served either as students or assis- 
tants under Huxley at different times. Cf. F. O. 
115: 712-714, May 9, 1925. 

The Life and Letters of 
New 


way,’’ 


and 


3ower, Nature, 
20 Franeis Darwin, ‘‘ 
Charles Darwin.’’ Vol. I, pp. 529-530. 
York: D. Appleton and Company, 1911. 
21 Francis Darwin, op. cit., Vol. II, p. 328. 
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trio, Hooker was probably closest to 
Huxley. For over forty years these two 
friends worked together with never a 
misunderstanding. Time after time each 
sought and gave advice. Almost a hun- 
dred letters from Huxley to Hooker 
have been collected by the former’s 
son.??, That Hooker was not influenced 
would be inconceivable. If space per- 
mitted many evidences of this influence 
could be cited, but we must content our- 
with just one instance. Even 
after his first interview with Huxley, 
Hooker felt that with reference to the 
Salpae, a much misunderstood group of 
marine Hydrozoa, Huxley’s ‘‘observa- 
tions on their life-history, habits and 
affinities were on almost all points a 
revelation’’** to him. 

Although Huxley and Wallace met 
only on rare occasions and corresponded 
even less frequently, Wallace sums up a 
lifelong impression of Huxley in one 
sentence which we shall quote as repre- 
sentative of his feeling: 


selves 


I owe him thanks for much kindness and for 
assistance always cordially given, and although 
we had many differences of opinion, I never 
received from him a harsh or unkind word.24 


While Spencer quarreled with Hux- 
ley, as indeed he did with many of his 
friends at one time or another,”* he re- 
garded their friendship as ‘‘an impor- 


tant factor’’ in his life.2®° The proofs 
of the ‘‘First Principles’? were 
mitted to Huxley for his eriticism.?’ 
Spencer felt that Huxley was ‘‘too yield- 
ing’’ in the sense that ‘‘if he is asked to 
undertake anything, either for the bene- 
fit of an individual or with a view to 


° sub- 


22 These are chronologically indexed in Leon- 
ard Huxley, op. cit., Vol. II, pp. 518-520. 

23 Leonard Huxley, op. cit., Vol. I, p. 232. 

24 Leonard Huxley, op. cit., Vol. II, p. 432. 

25 Maynard Shipley, Open Court, 34: 252, 
April, 1920. 

26 Herbert Spencer, 
Vol. I, p. 466. 
Company, 1904. 

27 Herbert Spencer, op. cit., Vol. II, pp. 553- 
556. 


‘An Autobiography, ’’ 
New York: D. Appleton and 
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public benefit, he has difficulty in saying 
no.’”8 But Spencer concludes that he 
should not ‘‘comment on this undy: 
yieldingness and undue devotion to work 
which follows it’’ because he often be. 
trayed Huxley into them by seeking his 
eriticisms.?? 

However, Spencer probably relied 
more on the judgment of John Tyndall 
than he did on Huxley’s criticisms. The 
final drafts of most of his writings seer 
to have been submitted to Tyndall 
his approval.*® For forty years the 
emotional Irishman and the 
Englishman indulged in their intellee- 
tual companionship from afar. And 
this absence of frequent personal contact 
probably explains the length of 
friendship. But the friendship of Tyn 
dall and Huxley was even of 
duration than that of Tyndall and Spen- 
indeed it was Huxley wl 
introduced Tyndall to Spencer.*' Mor 
over, it was more of an intimate com- 
panionship than that of Spencer wit! 
Tyndall. Although Huxley could not 
claim Tyndall’s birthyear as his own, as 
Spencer could, the two had many things 
in common. They were almost as 
brothers, and were often confused in 
the popular mind. Thus, although Hux- 
ley had been married for over twenty 
years in the year of his visit to America, 
the newspapers reported him as on Lis 
honeymoon with a titled bride. The fact 
was that Tyndall had married the daugh- 
ter of an English Lord in this same yeal 
Some years later Huxley wrote to Tyn- 
dall, informing him that he had ‘‘give! 
up the struggle against the popular be! 
that you and I econstitate a firm.” 
Throughout their lives the English biolo- 
gist and the Irish physicist worked 
gether for the recognition of science. 


reserved 


onoer 
LOTS ET 


cer, since 


28 Herbert Spencer, op. cit., Vol. I, pp. 46/ 
468. 

29 Tbid., p. 468. 

30 Maynard Shipley, op. cit., p. 253. 

81 Herbert Spencer, op. cit., Vol. I, p. 489. 

82 Leonard Huxley, op. cit., Vol. II, p. 274. 





HUXLEY’S “EVIL”? INFLUENCE 


In 1864 Huxley felt that he and his 
trionds were gradually drifting apart 
»oequse of the stress of circumstances, so 
he proposed to Hooker that some kind 
of a regular meeting be established. 
Whereupon eight friends resolved to 
dine together once each month. These 
included an old quartet whom we have 
met: Huxley, the zoologist and later dean 
of the Royal College of Science ; Hooker, 
the botanist and later director of Kew 
Gardens; Tyndall, the physicist and 
later superintendent of the Royal Insti- 
tution; and Speneer, the philosopher and 

er the author of the ‘‘Synthetie Phi- 

phy.’’ The new quartet we must in- 
Edward Frankland, the chemist 
and later professor of chemistry at the 
Royal College of Science; George Busk, 
the anatomist and later president of 
the College of Surgeons; Thomas Hirst, 

‘mathematician and later director of 
naval studies at the Royal Naval College, 
Greenwich; John Lubbock, the archeolo- 
vist and later the author of ‘‘ Prehistoric 

imes.’? At the second meeting of the 
‘ub William Spottiswoode, ‘‘who ear- 
ried on the business of the Queen’s 
’ became the ninth member of 

eroup.*> No more members were 
ever added because it was agreed that 


n 


troauce : 


printer,’ 


the name of any new member suggested 
must contain ‘‘all the consonants absent 
from the names of the old ones.’’ Thus, 
‘the lack of Slavonic friends put 
an end to the possibility of increase.’’* 
For a name the group ‘‘accepted the 
happy suggestion of our mathemati- 
clans,’’? says Huxley, ‘‘to eall it the X 
club; and the proposal of some genius 
among us, that we should have no rules, 
save the unwritten law not to have any, 
was carried by acclamation.’’*® 

We have taken the time to give an 
outline of the X-Club not so much be- 
_ *° This enumeration is based upon that given 
n Leonard Huxley, op. cit., Vol. I, pp. 277-278. 
Henry Huxley, The Nineteenth 
10, January, 1894. 


ee 


4 Thomas 
Century, 35: 
5 Loe. cit. 
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eause of the influence of the club, 
although this was considerable, as to 
show the influence of Huxley on his 
friends. Such a group gave him a train- 
ing quarter, so to speak, from which 
officers for the scientific cause would be 
drawn. As their students 
would be taught to acquire ‘‘right 
ideas.’’ This was the influence which 
Huxley indirectly exerted on a group, 
unique in the intellectual eminence of 
its members. All except Spencer were 
fellows of the Royal Society; three 
became presidents of the Royal Society ; 
five received the Royal Medal : three were 
recipients of the Copley Medal : Six were 
elected to the presidency of the British 
for the Advancement of 


teachers 


Association 


Seience. Once each month these eminent 


representatives of eight branches of sc1- 
ence and its philosophy dined together ; 
often they entertained eminent guests, 
including Darwin, Clifford, Strachey, 
Bain, Morley, Galton, Agassiz, Youmans, 
Gilman, Marsh and Helmholtz; during 
the summer week-end excursions of the 
X’s and their yv’s would widen the com- 
munity of interests. For nineteen years 
these friends were able to enjoy their 
reciprocal influences before death broke 
the circle of friendship. And _ before 
nine more years had passed three of the 
the 
weakened that it was discarded. 

However, Huxley’s influence was ex- 
erted through other than scientific chan- 
nels. He visited Benjamin Jowett, Mas- 
ter of Balliol, at 
Dean Stanley and Charles Kingsley were 
two of his His 
letters to the latter are some of the most 
utterances. He 
numbered the poets among his friends. 
Alfred Lord Tennyson, whom he met at 
various times at the Metaphysical So- 
ciety, him 
wide, and earnest, so that one could not 
but enjoy talking with him.”’ 

}Hallam Tennyson, ‘‘Alfred Lord Tenn) 
? A Memoir, Vol. II, p. 110. New York: 
The Macmillan Company, 1898. 


links were missing and chain st 


least once each year. 


most sineere friends. 


revealing of his even 


as ‘‘echivalrous, 


described 


son,’ 
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With all his friends, Huxley also had in his laboratory—a very modest one according 
his enemies. Richard Owen he had de- ‘ Present conditions—and the introduction 
f a : ; his work which I owe him form one of ; 
throned from his position of authority pleasantest and most lasting recollections of , 
in anatomy; the Lord delivered Samuel visit to Kensington.38 
Wilberforce into his hands at Oxford; 
he had made short work of Gladstone’s 
rhetoric. Huxley places this triumvirate 
in the same class, ‘‘a very curious type 
of humanity, with many excellent and 
even great qualities and one fatal defect 
—utter untrustworthiness.’’*? But it 
was this defect against which Huxley’s 
passion for truth revolted. No com- 


The many tributes to Huxley which y 
have quoted in the preceding paragraphs 
tend to show the influence which he ex. 
erted through his many students, ass 
ciates, friends and correspondents. His 
practices were imitated, his lectures and 
writings were quoted, and his life becam 
a lesson which others studied, an examp}; 
which they tried to follow. In the face 
of the statement of our critics, it is im- 
portant to note that the tributes stress 
Huxley’s moral influence as often as they 
do his intellectual. Thus, Parker 
impressed with his ‘‘high moral stand 
ard’’; Solas expresses his debt as bot! 
moral and intellectual; and many of t! 
other tributes imply traits which ar 
recognized as essential to any system 
morality. But the reader ean judye t 
himself whether the lives of these influe 
tial men who have expressed so great 
debt to Huxley or the empty rhetoric « 
eritics shall constitute the greater ey 
dence of Huxley’s real influence. 

38 R. Virchow, ‘‘ Recent Advances in Scier 
In truth, the lessons that I received from him = ang Their Searing on Medicine and Surgery.” 


37 Leonard Huxley, op. cit., Vol. II, p. 362. Smithsonian Report, pp. 571-572, 1898. 


promise was possible. 

If Huxley had his enemies at home, he 
also had his friends abroad. In America 
President Daniel Coit Gilman valued his 
advice with respect to the incumbent for 
the first chair of biology at Johns Hop- 
kins University. In Germany Ernst 
Haeckel built upon his foundations. In 
Italy Dohrn was an appreciative corre- 
spondent. As representative of this 
group of foreign friends, we shall quote 
the tribute which Haeckel’s countryman, 
R. Virchow, paid when he delivered the 
second Huxley lecture at the Charing 
Cross Hospital Medical School. On this 
occasion Professor Virchow said: 
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VEDICAL RESEARCH and experiments cost money 
WING may happen in the ecto the results are nil 


nit folds in to make the human this expensive 


that the individual possessing — Versities and 
n has such an abnormal amount much together 


sity and intellectual ability that e@phasts on 


i 1 ‘ ye ye 

ies what we know as a ‘‘re SHIPS Is col 

° . eal } qvgaye 
This unique and not too searel Is a we 


listributed capacity lays out the to grow and te 


One which nearly all our human and enthustasm 

sare made. In the last fifty or ne The foundat 

ars, research ability in the field Wal) establisl 

‘ine has taken advantage of the are support men 
es of physical and biological » most successtul 
s and has gone ahead at a pre ‘Vv have seen their money 


is rate, compared with such prog ‘s; dust pockets are found 

the past. ‘has well as in oil fields 
St uly this type of research ability, The aim of the foundations to empha 
ew the qualities of the medical size more local and university support as 


‘+h worker, to brine out the rela the foundations move to other fields is 
ps between the universities, the well broueht out by Dr. Greee. The 
ations and mecical research, is the Weaning process <_> many wavs the 
of these lectures delivered by Dr. most Important element in developing 
on the Terry Foundation at Yale im’ Cs wien a veseneck wie 
rsitvy. Dr. Grege has a uniquely 


from foundation aid because he himself 


and brisk stvle of writine. He ' 
; . i has become unproductive, Or tO pass Hin 
S pages with apt quotations drawn ~ 
er . ; x over to some other established mstitution 
his wide reading and experience, e 1: . 
because of his achievement, IS necessary 
indamentally his lectures have that — ., , 
; ae ‘ ; if medical research 1s constantly to go 
cular quality which is known as ree 
siping ite ; forward Nuelet of research are thus 
rse sense. It is this that makes his 
, spread over the country and the world 
of substantial value. 
New men and new areas of interest must 
has had the chance to see | 
rt 


(rreo 
CONSTANTIN 


7 : found. It is here that the 
, We . ) as > ] 
plants develop for medical schools. ; ; i 
243 é foundations have their most significant 
with new buildines and new admin ; 
eee opportunity Fundamentally research 
ve responsibilities research — by 
depends upon surplus time and ina 


of the best workers rapidly dimin 


‘ teaching institution upon overstaffine 
He has come in contact throuehout | 


vorld with that peculiarly important 
sphere that is created by a research 
) He, too, realizes the inevitable 


with men capable of research and enthu 

siastie for it 
Dr. Grege’s book is a real contribution 

taze of experimental research. Tests to the furtherance not only of medical 
Furtheranece of Medical Research. 
ix+129 pp. $2.00. 1941. Yale 


research but of all other forms of re 
search as well 
Ray LyMAN WILBUR 
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INFORMATION FOR THE AIR 
NAVIGATOR 


THis book is unique in that it com- 
bines in one volume all the subjects of 
Vital importance to the navigator in the 
air—navigational astronomy, maps and 
In fact, it was prepared at the 
Air Corps Flying 


weather. 
request of the Army 
Training Command, in ot a 


plan for training in mathematics and the 


Purstlance 


physical sciences that extends from high 


school through college. The committee 
that outlined the course for the Army 
Air Corps was appointed by Dr. Forest 
R. Moulton, and the author of this book 
Was named a member of the committee. 

Dr. W\ lie Is professor of astronomy in 
the University of Lowa, where his vears 
of practical experience in teaching have 


eiven him an excellent backeround for 


the writing of such a book as this. 

The first part, consisting of six chap 
ot 
fundamental 


the celestial sphere anal 
the 


motions and its atmosphere ; 


ters, tieais 


its circles: earth, its 
the change 
of seasons and the calendar; the constel 
Both 


northern and southern circumpolar star 


lations and the navigation stars. 
charts are included. besides twelve exce! 
10 
Kor our fliers in southern lati- 
helpful to 


have had charts for latitudes below the 


lent star charts for degrees north 


latitude. 
tudes, it would have been 
equator, since the constellations appear 
and ‘*‘behave’’ so differently where Orion 
and others are “Up side-down,”’ 

The 


chapters, treats of meteorology 


three 
winds, 


second part, CONSISTING of 
weather, clouds and weather forecastine. 
Beautiful the 


types of clouds and other atmospheric 


photographs of Various 


phenomena are shown. 
The third of 
three chapters, treats of maps and map 


part, also consisting 
longitude and time, and celestial 
In the text is 
Vaps C. C. Wylie. 
149 Harper 


making, 
this seetion 
and W 
pp 


navigation, 
cathe 


1942, 


lL fsfronomy, 
Illustrated X and 


Brothe rs, 
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supplemented by numerous help 
trations. 
The fourth 


chapters, is really a 


part, CONSISTING 
SUrVe\ 


IS hot 


veneral astronomy, and 
sidered a “required” part of the 


Presumably it) has been inclu 
those pilots and navigators, who } 
have had a regular course in ast 
but who may become interested 
ing more about the sun, moon, 
stars and galaxies. 

There are several small mistake 
will doubtless be corrected = in 
printings. 
the 


astronomical day COMMeHCeS al 


the 


statement On pave 


the civil las of same 
so-called 
midnight, and this has 
January 1, 1925. 

The book is most attractive, 
so on account of the abundant 
illustrations. It 1s practical 
suited for its purpose. 

CLYDI 


STRATEGIC MATERIALS AND 


NATIONAL STRENGTH 


THe Federal Government 


not done a ereat deal to enlieh 


public as to the reasons for the « 


ment of various supplies because | 


war. OF the several books 
private sources 
the 


war-time shortages, 


appeared from 


last few months on eeneral 


ot 
rials and National Streneth’’ by 


N. Holmes, despite its heavy title 


of the smallest. 


it is one of the more satisfactory 


of this group since it makes rathet 


anal 
the 
household and 


In abbreviated 
the 


rationing oft 


for need of 


reaASONS 


plies, as well as for the strict allo 
of the materials of war industry. 


Vaterials and Nationa 
N. Holmes. Illustrated. \ 
November, 1942. Ma 


cmillan ¢ 


Perhaps the most set 
219 that 


heen true 


itse 


whicl 


non-technica 


date. ”’ 


‘astronomical dav’? be: 


T t 


“Strategie 


] 
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mn of authority and aceu- 
s the writing, for Dr. 


professor of chemistry at 


t 


d is currently (1942) presi 


American Chemical Society. 


wr 


MICIS 
rs ) 
the ¢ 
hater 
UustVe 


tion 


iting is terse; some might 
e, others abrupt. The 
f the volume have maps 


chief foreien sources” of 


ials: otherwise the book is 
ited. 
to listine’ strategic mate 


describing the changes in re 


IS SIT 


i 1917, Dr. Holmes V1VeES 


chapters on the development 


lie ru 
rul 


bber and of new sources 
yber, on the ‘‘Metals of 


foods, vitamins and clothing, 


mals 


of us 


other materials which 


There is evell one chap 


Kortunate Abundance.’’ It is 
entary on the rapidity of chane- 


litions 
1942, men 
these 
rs and in 
create 


ister st 


that a book written in 
tions the fuel oil shortage 
terms: ** Heavy loss” of 


adequate pipe lines com 


a liquid fuel shortage in 


ates’’ ( p. 62) 


uportant purpose of the book is 
nt the 
Dr. He 


wight, and should, be done to pre 


need for euardine the 


Imes believes that several 


future repetition of the strin 


of the 
ould be 


efic Ma 


present. The principal 
the creation of stock-piles 


terials as soon as the war 


Perhaps ‘‘reservoirs’” is a bet 


ds since 
though 


ise. Me 


Holmes’ 


the materials need not be 
held in reserve for emer 
iterial reserves represent, 


opinion, such an impor 


tant national strategic potential tha 
believes ther mieht actually control the 
balance of power and, assuming a con 
tinuation of our American inclination 
toward peace, prevent the recurrence ol 
war. 

SWINNERTON 


TURTLES OF THE UNITED STATES 
AND CANADA 

THe author has made this book an ex 
cellent natural history of the turtles ot 
the United States and Canada for the 
many who have kept or do keep pet 
turtles in the bathtub, for the layman 
and the naturalist 

There are chapters cdealine with the 
structure and relationship of a group of 
reptiles some 175 million vears old and 
still thrivine: others on food and feed 
Ing, enemies and defense, relation to 
man, and even on the care of baby 
turtles. Kevs for the identification of 
the different groups and the species are 
so excellent that one deplores their ab 
sence In certain cases, and identification 
is made comparatively simple by the 
ninety-nine excellent photographs of liv 
Ing specimens, most of them taken by 
Mark Mooney, Jr. 

After a discussion of turtles in general 
and their classification, each species is 
described with notes on habits and dis 
tribution. There is a good bibliography, 
and a list of all known species of the 
territory considered, with common and 
sclentifi¢ names and a helpful index 

A most welcome book. 


W. M. Mann 
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FRANZ BOAS, ANTHROPOLOGIST 


Kranz Boas died on December 
\» he had historic 


'o appraise his services to an- 


lone been a 


vy, then, seems comparatively 


However, to render that contribu- 
telligible to a wider public is a 
the 


messave. 


ible task. For Boas was not 


simple new 
true, 


championship of 


of any 
im- 
| bv his the 

* races, and that fact renders his 
secure in the intellectual history 
the times. But 
ssue in the light of 
long anticipated by 


nds, it 1S have been 


though he discussed 
modern knowl- 
edge, his position 
earlier thinkers—constitutes, from a pro 
fessional angele, a lesser claim to distine- 
fon In short, his greatness rests not 
some one startling discovery, but on 
totality of his output, the total im- 
pact of his personality upon the yvoune 
science to which he turned as his major 
nterest in the eighties of the last cen- 
tun 
Let us 
ted the Central Eskimo on his 
«lition in 1883. Notable, even epoch- 
¢, work had already been achieved 
man, but it had 


the work of others than trained anthro- 


Boas 


visualize the scene when 
first 


the science of been 
pologists, for such were not in existence. 
Boucher de Perthes was an amateur pre- 
istorian, Edward B. Tylor had taught 
after stimulation 
inother amateur prehistorian. Paul 
wa, Rudolf Virchow, Adolf Bastian 
all medical men; Lewis H. Morean 
practiced law; EF. W. Putnam 
contemporaries 


himself anthropology 


Was a 


reologist. Boas’ and 
im eciate include 
A.C, Haddon; physicians like Kar! 
den Steinen, F. von Paul 


W. Hi. R. Rivers: like 


elm Schmidt; and he himself started 


SUCCeSSOLS ZOOLO@IStS 
Luschan, 
lineuists 


reographer schooled in physies and 
His doctoral 
viel dealt with the color of sea water: 


ematies, dissertation 


among his earlier treatises are critiques 


of psychophysical methods, articles or 
reviews on icebergs, the topography of 


Hudson the 


projection. 


Bay, and theory of map 


Considerine Boas’ beeinnines and the 


activities of his nothing is 


comMmpeers, 


more remarkable than his” systematic 


self-professionalization when he had 


once decided on an anthropological 


career. Kor by this time techniques ot 
diverse type had ripened or were ripen 
ing in the several branches of the science, 
heroically strove to master 


and Boas 


them all. In physical anthropology, we 
may conjecture, he acquired metric tech 
niques from Virchow or his Berlin asso 
but the 


Importance of statistical methods for the 


Clates : Boas SOO recoenized 
investigation of variable phenomena and 
eritical 
Still 


of the 


devoted vears to the sedulous but 
study of Karl Pearson’s treatises. 
more remarkable was his control 
philologist ’s tricks, including phonetics ; 
whoever witnessed his discussions with 
professional linguists realized that they 
accepted him as in the fullest sense their 
Ethnographic methods had not 
fully 


began his career, and he not only assimi 


peer. 
vet been established when Boas 
lated current approaches, but, more than 
most, helped towards their progressive 
With the intense specializa 


realized 


refinement. 


tion of the last decades Boas 


that no future investigator could hope 
several 


breadth 


for a uniform mastery of these 


fields, but he fostered as much 
in training as the varying capacities and 
temperaments of his pupils would bear. 

This self-taught anthropologist, then, 
aimed at training professional research 
He schooled them in the spirit anal 


solely 


men 
the 
with the advancement of knowledge. To 


tools of inquiry, concerned 
Was 


Is lit 


convey cut-and-dried information 
thoroughly distasteful to him. It 


erally true that anv of my better under 
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eraduate majors has a far better knowl- searches on primitive art. wit! 
edge of general anthropology than [had even his most gifted coévals to a 
When Boas approved my doctoral disser- this quality. His originality 
tation likewise in his cavalier redefi 

In his own opinion (letter to me, such concepts as ‘‘totemism,’’ 
Dec. 30, 19387) Boas had contributed recognized as the result of p 


to ‘“‘just three thines,’’—a  reéxami Classification, 


nation of the basis of physical anthro De mortuis nil nisi verum. T 
hi 


pology; a presentation of languages on who had never met him, who 
Steinthal’s principles, #.¢e., from their viewed him either in’ historical 
own, not an outsider’s point of view; — tive or in his total intellectual effort 
and ‘ta more thorough empirical un influence remained. an enigma ; 01 
derstanding of cultural life.’’ This re- well read a thousand pages of h 
strained self-appraisal hardly clarifies without finding more than a fait 
the extent of his Influence. | shall ven telligent collector of raw deta 
ture to expand it by a psychological even deeper knowledge might 
interpretation. attract, since ultimate judement 
Boas’ mind was in the highest deeree science involve nearly as much ind 
critical, but not in the sense of sterility. taste as in the arts. Anyone he 
Exacting as to evidence, and dealing tive by the literary qualities of Ty! 
with the most complex of phenomena, he alone, J. G. Frazer, was bound to bi 
abhorred facile generalizations and all- pelled by the bleakness of Boas’ 
embracing systems. But this caution and even as to the more vital 1 
Was not that of timidity, but of darine. organization his negligence of for 
The fact that a view was current among times transcended credibility, so 1] 
professionals, that it was approved. by books have been called negations 
men whom he himself highly esteemed, idea of a book. Certainly his \ 
counted for naught in the absence of — @mrers cannot be happy over 
supporting evidence. T have heard him fessedl) veneral volume - Pr 
reject a craniological interpretation of Art nearly a third ol Which sid dle 
Virchow S, and he VILOrOUSI\ dissented the meticulous consideration _ 
from some of Tvlor’s eonclusions. In alae Boas must further leave 
short. Boas, like all oréeat scientists. re. ed those numerous minds who 
evarded thines as they are, with complete scheme that shall enable them a 
freedom from the shackles of tradition, pigeonhole ieee Pecan ag a 
When blending inheritance still seemed put _ congenial apirits this ¥ 
an obvious conception, he reported seg nuneiation, with ee 
reeation in the stature of half-breeds: ° Insight Into an indefinite nut 
when others still attached fetichistie SP¢¢!@l problems, will loom as tl 
embodiment of bald) grandeur 


will recall with pride that they had 
Shelley plain,’’ that they entered s 


value to the cephalie index, he showed 
that it was not a racial eriterion of 


primary value; when virtually all eth , , 
. . : thetically into that ever searchin 
nologists assumed as axiomatic the pri hey 
. ey tere, vet original mind; and_ thi 
ority of matrilineal descent, he chal . < ; 
a ae view his passing with sentiments | 

lenged the postulate as a result of his .. , : : 
ee like those which Brownine ascribes 
own findings. ae page 
™ —_ : disciples of his Grammarian ; 
Mo this freedom from authority Boas : ‘ 
. ; : Lofty designs must close in like effects 
added an unusual capacity for detecting ' ' 
: Loftily lving, 


fruitful fields of Inquiry, of giving to old Leave him—still loftier than the world 
problems an altogether new twist. It is Living and dying. 
merely necessary to compare his” re Roperr TH. Le 
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DR. EDWIN H. ARMSTRONG, EDISON MEDALIST 


has been announced that Dr. Edwin 
Armstrone, 


clates and friends of Thomas JA 
to commemorate his achievements of 
is to a 


professor of electrical 
Columbia University 
varded the Kdison Medal 
can Institute of 


eerie, CeHtUrs 
by the 
Electrical Ene 
**for distineuished contributions to 


conterred 
strone 
honor as he 
of electrical communication, nota 
revenerative circuit, 


tributions 
He the super the past 
odyne cireuit, and frequency modu 
The presentation ceremony 
Nace on the evening of January 
Kneineering 
City. 


7 
ae 


Auditorium, New 


S award was established by asso 





186 


a detector and as an amplifier with con- 
clusive experimental proof. These re- 
sults did much to stimulate the interest 
of amateurs and engineers in the use of 
the audion, for previous to this time the 
principles of operation were not gener 
ally understood and there was a wide 
divergence of opinion, even among those 
who were using the tubes. 

With 


revenerative circuit, in 


the 
had 
the 
1920’s, a consuming passion until most 


disclosure of 
1915, 


became, in 


Armstrone’s 
what 


been a keen interest 


evervone was building radio receivers. 


Regeneration provided an inexpensive 


means of obtaining greatly increased 


sensitivity and as a by-product in- 


creased selectivity. It was directly re 
sponsible for the rapid growth in broad- 
casting during this decade. 

While serving with the Signal Corps 
in Krance during the first World War, 


Major Armstrong developed the super- 


This 


method makes it possible to design the 


heterodyne receiving’ system. 
intermediate stages of amplification for 


any desired frequency band, without 
reference to the frequency of the incom- 
Ing signal; thus the intermediate ampli- 
fier may be permanently adjusted for the 
most favorable operating condition. It 
also provides a means of separating sig- 
nals on adjacent channels which other 
wise might interfere. This type of re 
ceiver is now almost universally used. 
In 1920, 
the 


which produced an extremely 


Armstrong devel 


Professor 


oped super-revenerative receiver 
sensitive 
used 


detector at a ver\ low cost. It was 


in the early two-way ultra-high fre 
quency police systems and [T understand 
that it is being used by the Germans in 
the present war. 

The next problem to engage the atten 
tion of Professor Armstrong was that of 
improving the quality of broadcast ser- 
vice. Everyone is familiar with the dis 
tortions produced by static, other electri- 
and the 


that too 


eal sources, selective fadine 


resulting garbled = programs 
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Professi 
strong’s proposal was to use fi 
the { 


sources of annovance and at t} 


often mar reception. 


modulation to eliminate 
time to provide a fidelity and tor 
not possible with the narrow 
available in the broadcast band 

this problem has lone been a cl 
to radio engineers, Armstrone \ 
to make substantial progress towa 
1933, 


he gave a demonstration 


solution. In after vears 
search, 
Univers 


the Radio Corporati 


laboratory, at Columbia 
officials of 
later submitted his system to thi 
field tests, but at the time they wer 
than frequi 


interested in television 


modulation. Two vears later Arn 

presented a paper on frequeney n 

tion and gave a successful demonst. 
before the Institute of Radio Enei 
The paper was published in the P: 
for May, 1936. Despite a 
promise of the system, industry sl} 


Ho 


Armstrong was so firmly convince 


ines 
ho disposition to adopt it. 


the merit of frequency modulation 
in 1937 he built a $800,000. station 
Soon the Yanker 
work became interested and was fo 
by EF. M. Doolittle (WDRC), G 
Electric Company, Stromberg-Ca 
Radio Corporation, American Tele} 


and 


his own money, 


and Telegraph Company 
Much progress was being made whe 
was declared. There IS No questlo 
that the Armstrong system will be \ 
adopted as soon as peace comes, 

eliminate static, selective | 


does 


and other distortion : fidelity ana 


range will be demanded by disern 
ing auditors. 

Among the honors received by P: 
sor Armstrong are the following: 
of Honor of the Institute of Radio | 
1917; la Lee 
d’honneur, Government, 1 
Science, Col 


deeree of 
Keleston M 


neers, Chevalier de 
French 
Doctor of 


University, 1929: the 
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University, 1939; the Holley the Directors of the City Trusts, Phila 
American Society of Mechanical delphia, 1942. He also received one of 
rs, 1940; the Franklin Medal, the nineteen National Awards of ‘‘ Mod 
1 Institute, 1941; the degree of ern Pioneer’ by the National Association 
of Science, Muhlenberg College, of Manufacturers, 1940 
he John Scott Medal, awarded by H. M. TURNER 


INTER-AMERICAN INSTITUTE OF AGRICULTURAL SCIENCES 


nany vears the need has been felt The immediate purpose of the Insti 
central organization to conduct tute is the advancement of agriculture 
inge research projects in the agri in the American nations through teach 
al sciences throughout the Western — ing, research, experimentation, extension 
sphere The Eighth American activities, general education, and train 
tifie Congress, held at Washington ing in agriculture and related arts and 
May, 1940, recommended the sciences. The Board of Directors of the 
shment, in one of the Latin Ameri- — Institute is composed of representatives 
‘countries, of an inter-American of the twenty-one American Republics 
zation designed to carry out such on the Governing Board of the Pan 
rch in agriculture. The Governing American Union. A Technical Advisory 
of the Pan American Union ap- Council, composed of one member from 

d the By-laws of the Inter-Ameri- each nation, appointed by the respective 
Institute of Agricultural Sciences on governments, will consider questions of 
er 7, 1942, and recommended its general poliey and make recommenda 
shment at Turrialba, Costa Rica, tions concerning the advancement of the 
‘an extensive study of plans for its) purposes for which the Institute is or 


zation and maintenance. eanized There are two. officers, the 
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y? 


ARCHITECT ’S DRAWING OF THE ADMINISTRATIO LDING TC 
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TURRIALBA VALLEY, 
PURRIALBA 
CENTER IS TURRIAI 


SLOPES OF Vol 


Crit 
AT 


THI 
TOWN NEAR 


AS SEEN FROM 


FEET. rit S 


BE LOCATED A POINT TO THE I 


for- 


Aer 


Dr. Earl N. 
merly director of the Division of 
culture, Office of the Coordinator 
Inter-American Affairs, the 
tary, José L. Colom, chief of the Division 
of Agriculture of the Pan American 
Union. The headquarters of the Insti 
tute Washineton, D.C 
and offices to be maintained 
the American 
Plans for the Institute also contemplate 
utilization of 
by several Latin American governments, 
anized Experi 
ment Station at Tineo Maria, Peru; the 
Agricultural Stations at 
Salta and Misiones, Argentina; the agri 


director, Bressman, 


secre 


and 


are located in 


other are 


throughout Republics. 


research facilit 1S offered 


such as the recently or 
Experiment 


cultural research center at Santiago de 


las Vegas near Habana, Cuba, and many 


others that 


rating stations. 


have been offered as collabo 
Its activities, therefore, 


will not be confined to Costa Rica. 


ot 


CANO 
B 


SITE 


\ 
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INSTITUTE, 


APPROXIMA 


NEW 
ELEVATION 


OF THE 
\'l 
ELEVATION 


THE CENTER 


AN OF 


2 O00 FEB THE INS 


O} OF THE PICTURE. 


as select 


Turrialba, Costa Rica, w 
an ideal location for the Inter-Am: 
Institute of Agricultural Seiens 
cause, lying at an altitude of a litt 
two thousand feet, it offers within 
oft 
train an almost complete eross-sect 
The 
embra 


A 


alt 


tance less than two hours by 
Tropical American conditions. 
of the Institute 
objectives outlined at the Kighth 


ordi will 


can Scientific Coneress, which 


promotion of a better balanced a: 


the American KR 


baste cleat 


tural eCOHOMS iN 


lies: the compilation of 
the de 


their agricultural problems ; 
ot 
and animal diseases anal 


} 


ment a broader knowledge o 
pests; al 
training of future leaders in the a: 
tural field. 

The Institute will play an impor 
As soon 


completely oreanized, it will furnis 


part in the war effort. . 
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all official and other recoenized 
son the problems created by the the Institute 
It will strive to carry out the founded, as this country 


Lt Geno. 


rv research and will assume the most progressive an 
S bilits of evettine this work done of this Hemispher 

stitute, as an applied) research Oreanization of the 
vation, Will try to avoid duplica Institute of Agricultural So 

services and activities of the vari- of the most important projec 
xperiment and research agencies the Pan American Union has part 


It IS also one of the mieals best 


ly working on the problems created — pated 


adapted to promoting closer cooperation 


eC Wal. 
suilding plans for the Institute in among the American Republics 
S. Rowe, 


Clor Gene) 


alba have already been drafted and lL, 
construction will start in the vers Dir 


TECHNOLOGICAL INSTITUTE OF NORTHWESTERN UNIVERSITY 


June Northwestern University vide facilities for research im proble 
vated, on the Evanston campus, a related to industry 
building for its Technological Insti The keystone of t 

The gift of Walter P. Murphy, gram is the cooperative pla 
ntor and manufacturer of railroad — students alternate three months of 
pment, the institute has three main — in the classroom with an equal 


‘tives: (1) to provide training in work in industry. The institute oper 


neering for a select group of voung on a normal five-vear curric! 


2) to provide industry with skilled student spends lis first 


t 


rkers and executives; and (3) to pro campus in classroom st 


THE TECHNOLOGICAL INSTITUTE OF NORTHWESTERN UNIVERSITY 


ILDING CONTAINS MORE THAN 350 ROOMS AND HAS A 00 AREA O } 


MAKES IT ONE OF THI YR . DUCATIO 
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“POSITION OF RUBBER MOUNTINGS 
THE SOUND-—PROOF ROOM 
LOCATED IN THI PHYSICS DEPARTMENT OF THI 
INSTITUTE, rHE SMALL WINDOW AT THE LEFT IN 


TAKING READINGS. 


alternating each quarter between the 
classroom and a job in industry. Half 
of the class thus remains in college while 
the other half is at work. The next 
quarter these groups are shifted. This 
alternating schedule continues until the 
spring quarter of the final vear, when 
the entire class is brought back to the 
campus. 



























































A POWERFUL TESTING MACHINE 
l'HE TRANSVERSE-UNIVERSAL MACHINE, WHICH IS 



































CAPABLE OF APPLYING TRANSVERSE LOADS UP TO 








1L.Q00.000 POUNDS. 





Put WALL OF THE ROOM IS TO BE USED FOR 
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Seventy large firms, located in 
different states, are now coop 
with the institute. The industria 
cerns afford the students opport 
for direct experience and in return 
firms are provided with voune me 
have been carefully selected and t: 

The institute has been operati: 
the cooperative plan since it open 
1939. Ovid W. Eshbach, dean ot 
Technological Institute, recently sa 
this program: ‘*The cooperative s 
brings the voung man into contact 
the realities of our industrial systen 
shows him the significance of the 
and principles which he has ac] 
throueh books and in his’ classes 
makes him inquisitive. The alternat 
of theory and practice enhances 
value of both, for after all they are 
separate experiences but complement 
processes in learning.’ 

The new $5,000,000 building prov 
a modern, well-equipped plant in wi 
f the 
tute. The structure has ten acres 


to carry out the purposes ¢ 


floor space, but its immensity Is part 
concealed by skilful disposition Ol 
masses. The general arrangement of 
building is that of two letter E’s 
back to back and joined by a cent 
structure. The center is occupied by 
main auditorium, lecture room, libr 
student lounge and main. offices, W 
each of the six wines is devoted to 
of the major divisions—the departn 
of physics and chemistry of the Co 
of Liberal Arts, and the department 
civil, chemical, electrical and mechat 
eneineering of the institute. Two o 
future objectives of the institute are 
addition of departments of aerona 
mineral industries, and architecturs 
evineerine and the establishment 
eraduate school in engineering resi 
Basically, the general design 0 
building is functional; vet enough o 
Gothic is suggested in its silhouette 
decorative details to make it harn 
with other buildings on the = ean 
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<terlor 1s of Lannon stone with 
d stone trim. 
non stone and the relatively small 
ts pleces invest it with a warmth 
timacy which otherwise might be 

This feeling is intensified in the 
is entrance court, where the use of 

paving brick combined with stone 
tes a pattern that brings this exten 


( space down to human seale. 
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The varied color ot 


SCIENCE 


An example of the facilities which are 


available to students and to 


] ] l 
workers Is provided by the departme 
ei 


of physics Mhis department has 


special laboratory of —explosion-proot 
which iT IS possible TO 


construction in 
produce six gallons of liquid air and two 


and-one-half gallons of liquid hydrogen 


an hour. Cold rooms. rooms. elec 


X-ra\ 


trical laboratories. Spectroscople labora 





ENTRANCE COURT OF THE INSTITUTE 


CHITECTURE OF THE BI 


ILDING IS MODERN 


ON THE CAMPUS OI! 


In order to provide the environment 
through which 
fullest 
industry may profit from new know! 


facilities students 


develop their possibilities 
‘and skill, the institute has been pro 
d with more than $1,600,000 worth 
Although 


is unique and 


Ww sclentifie equipment. 
of the equipment 
rds opportunities for special types of 
stigation, the principal purpose has 

to provide well-rounded facilities 
ited to the needs of student trainine 


veneral research. 


GOTHIC, 


rO CONFORM WITH O I tN \ YING 


NORTHWESTERN NIVERSITY. 


tories and heat and labora 


pvrometrs 
important 


One 


tories comprise some of the 


facilities for teaching and research. 
of the 


features of the department IN a 


sound-proof room which is being used 
for theoretical research The room. 
which is inside another conerete room 


is mounted on rubber. It weighs 50 tons 


and its walls are covered with 18 lavers 


of muslin whieh absorb 98 per cent. of 


alr-borne sound and mechanical vibra 


tions from the outside 
No time has been lost in putting the 
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Many 


How 


facilities of the institute to use. 


Important research projects are 


under way, and the essential tasks of fur 
nishing technicians for the army and the 
navy and of training men and women for 
jobs in war industries are in full swing. 

The present enrolment of the institute 
in its full-time program consists of about 
S20 students, of whom 340 are freshmen 
This 


from ap 


who entered last summer and fall. 


freshman class was_ selected 

proximately 750 applicants. 
There are now 1,000 sailors enrolled in 

the Naval School at 


Northwestern University, who do their 


Radio Operators’ 


class work in the Technological Institute. 
After a men 
qualify as naval radio specialists. More 
than 100 men the 
Army Signal Training 
School, which has classes in the institute. 
this 
sioned in the Signal Corps, if they pass 


four-month course these 
are also enrolled = in 
Corps Officers’ 
Graduates of course are commis- 
the physical examination. 

One of the big problems of the war Is 
that of trained 
skilled work in the 
Through a series of constantly enlarged, 


vetting personnel for 


defense industries. 


evening, tuition-free courses the Techno- 
logical Institute has provided more than 
2? 200) men the 


eround in eneimeerine 


and women with back 
thes 
A new 


erecit, 


Industrial 
need to take over important jobs. 
program, not bearing academic 
offers training in 40 subjects of engineer 
ine directly related to the war effort to 
more than 2,000 special students. 

Dean Ovid W. Eshbach of the 
tute said recently that are 
than 5,000 men and 


insti 


there more 


women now takine 


work at the institute. Directly or indi- 


rectly all of these individuals are pre- 


paring for tasks which are vital to the 
But the leaders of the insti- 


war effort. 
tute even now are looking forward to the 
The day will come when the last 
It is then, as 


future. 
shot shall have been fired. 
Secretary of Commerce Jesse Jones said 
at the the 
June, who 


last 


the 


institute 
had 


dedication of 


“That those have 
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opportunity of studvine at se; 
learning will again play a leadine 
for it will take as much skill and 
our reconstruction 


edge in progr 


turn our madustrial and econom 
chinery back to its peace-time sery 
it has taken to convert this machine 


War service,’’ 


Since the foregoing was written N 
western University has been notifi 
eift of $20,000,000 
Walter P. Murphy 


This is the lat 


an additional 
the 
died on December 16. 


estate of 


bequest ever made to higher educa 
by a citizen of Chicago, and is prol 
nation since 1924, 
willed $40,000.00 
Duke Universit 
specified that the 


the largest in the 
Duke 
Trinits College 
Mr. Murphy 
should be used to develop, maintain ; 
operate the Institut 
Northwestern whicl 
founded in 1939 with a eift of $6,755. 
from the Walter P. Murphy Foundat 
this 
limitations on 
to the 
university the final decision as to { 


James 3B. 


(how 


Technological 
University, 


restriction, he 
the the 
board of trustees of 


Bevond placed 


use of beq 


leaving 


Inanavement. 

The donor expressed a desire that 
much as possible of the principal st! 
be held intact and used 
of the institute. At the 
empowered the trustees to spend 


for endow 1} 


Same Tine 


tions of the principal from time to t 
and all or any part of the annual ine 
for additional buildings, equipment, 
fessorships, scholarships, books, res 
and such other purposes as the trus 
think necessary to the proper oper 
of the institute. He also specified 

the institute, as a part of its operat 
vive instruction in science to ot 
of the 


lay 
than 
versity. 

The present bequest is Mr. Murp 
fourth benefaction to Northwestern 
one of $5,001 


Arts, and 01 


engineerine students 


made two eifts in 1923, 
the College of Liberal 
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vo the School of Commerce. In 
‘cough the Walter P. Murphy 


he gave $6,735,000 to erect 
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and equip on the 
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Evanston 


T 


new buildine of the 


1hiStit 


AVALANCHES IN THE ALPS 


are several kinds of avalanches: 
own as dust avalanches, compact 
ianches and ice avalanches. Of 
ree kinds dust avalanches are the 
be feared, for, while the others 
ordinge to well-known 
dat particular times of the vear, 
in their 


certain 


ivalanches are erratic 


uncertain in the periods at 


eHts, 


hey descend, and most terrible in 


sults. Dust avalanches consist of 


powdery snow, which, falling 
of 
st provocation, 


ope erass, slides off on the 


of overhaneine snow 


if a bit 
the 


animal disturbs the newly 


upper part of a hillside, or 
fallen 
wo perhaps if a gust of wind sud 
the 
accumulation 


detaches it) from surface on 


the 
+ , ] ; 
to move down, gently and quietly 


whole 


rests, 


and then with ever increasing 
and a deafening roar, uprooting 
‘arrving away chalets and what 
to course, and 
vy like a huge of 

water from precipice to preci 


happens be in its 


stream spra\ 


ll it makes one final bound across 


illey, the impetus of its course fre- 
carrving it up for some distance 
opposite slopes. The wind which 


panies such an avalanche is far 
powerful than a ragine hurricane, 
often levels trees and buildines, 


11 windows and doors, and Carries 
objects an imeredible distance. 
February, 1888, on the occasion of 
ereat avalanches into 
Crrunel, of the 
the village were forced in from 
of in 


des 


all of two 


MOST windows and 


Tschudi states 
Alpes”? that 
will sweep chalets and trees 
them, whirl 
the 


ressure alr. 


‘ Monde 
| 


CHnesS 


such 


the ground and carry 


ke straws in a storm, through 


air, dropping them at a distance of up 
100 feet. Chalets filled with 


Wa FUS of 
uninjured, have 


hav, and quite been 
found, it is said, some two hundred vards 


the Ol the 


avalanche, 


or from termination 


more 
ot 


across the 


havine’ been 


the 


débris all 
valley 1 blast ot 


blown 
the avalanche 


1689, 


wind ahead of 
In the 


lanche 


vear an enormous ava 


which, in the annals of the 


(Girisons, is spoken of as the most fearful 
one on record in the Canton, came down 
heights above the villave of 
the Prittigau, and 
Amonest the débris 


the 


the 


in 


from 


Saas, dlemolished 


150 houses wl 


had been swept by avalanche to a 


considerable distance, a rescue party dis 


covered a baby Iving safe and sound in 


his cradle, while six eves were found 


uninjured. in a basket close at hand 


Federal Railroad 


PROTECTIVE MEASI 


RES 


AVALANCHE 


) 
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SERACS IN THE VICINITY OF THE RHONE GLACIER IN SWITZERLAND 
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vy 7 
ati f Aa 
ee rates | SINS 
EP e ee tee 2.2 < Ari th 
“hie > (i aaa a ° e 
VW Lottenbach 
THE DESCENT OF THE WETTERHORN AVALANCHE NEAR GRINDELWALD 
SWITZERLAND. IT IS AN EXAMPI EI 


LN 


N THE BERNESE OBERLAND, 


LE OF THE DANGEROUS DUS ryPe. 


K. Fgli 
SWISS SOLDIERS IN THE ALPS MEASURING AND STUDYING THE SNOW 
TO DETERMINE WHETHER AND WHEN b VAI 


AN AVALANCHE IS DUE TO DESCEND TO THE VALLEY. 
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kind which caused the Matterhor 
dent of 1887, in which a number 
sons fell an estimated distance o 
el7ht hundred feet. 

It is reported that in the 
1916-1917, durine the World Wai 
ten thousand officers and = soldiet 
killed in the Tyrol in a single d 
avalanches rushing down its steep 
tain sides. Often conditions fay 
for avalanches are recoenized ai 
inhabitants avoid so far as possib 
most dangerous places. For exan 
early December, 1940, snow fell st 
becoming deeper and deeper on px 
mountain slopes. The people liy 
the vallevs below the heights p 
anxious days. Finally, on Decemb: 
and 14, avalanche after avalanche | 
dered down into the valleys, caus 

K. gli 


A SWISS ARMY SKIER terrible destruction and claiming sey 


ON DUTY IN THE ALPS ABOUT TO SET OFF AN Ex- UMan victims. 
PLOSIVE TO BRING DOWN AN AVALANCHE BEFORI In order to reduce the Serlous 
IT HAS HAD A CHANCE TO CAUSE DESTRUCTION. of life from avalanches, the Swiss 
under General Guisan, beean the 
Another sort of avalanche is formed — tific investigation of them in 1939 
by the sudden descent of an overhanging — studies were carried out on the mi 
mass of snow. The slightest movement tains where avalanches occur. The 
in the air will often suffice to break the cluded not only measurements of s 
cornice, and. it straightway eoes rolline and determination of conditions 
down the slope. Such avalanches are not able for avalanches, but also life-say 
usually much to be feared, though a procedures in alpine conditions. Or 
notable exception to this fact was fur- the best methods of forestalling th 
nished on the Bernhardino Pass when — to start them with mine throwers b 
the mass of falling snow, overtaking the the snow has accumulated to dane‘ 
post in its passage, carried thirteen per- proportions. By this method the 
sons, and a number of sledges, over the  Dratscha snow field near Davos is bi 
precipice into the gorge beneath. regularly reduced = from which 


4 


Dust avalanches of freshly fallen snow vears ago an avalanche descended 


are very frequently met with in summer buried an entire train of the Rhaet 


by climbers amongst the higher peaks of — Railway. 
the Alps. It was an avalanche of this Kk’. DossenBa 





